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(57) Abstract: A system (20) delivers fibroblasts to a region of cardiac tissue at a location associated with a cardiac arrhythmia 
in a patient to form a conduction block in the region. A cardiac delivery system (20) is coupled to a source the fibroblasts (15) 
and delivers the fibroblasts to the location to form a conduction block. Substantial cardiac ablation is thus avoided. A contact 
member (430) is shaped to correspond with a patterned region of tissue for delivering the fibroblasts along the pattern, such as linear, 
curvilinear, or circumferential patterns as required for treating particular arrhythmias. A pulmonary vein isolation assembly has an 
expandable or loop shaped member cooperating with a needle array that delivers the fibroblast cells into a circumferential region of 
tissue engaged by the expandable member where a pulmonary vein extends from an atrium. Methods include providing the fibroblast 
cells as autologous cells in an injectable preparation. 
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TITLE OF THE INVENTION 

SYSTEM AND METHOD FOR TREATING CARDIAC ARRHYTHMIAS WITH 

FIBROBLAST CELLS 

CROSS-REFERENCE TO RELATED APPLICATIONS 

This application claims priority from U.S. provisional application serial number 
60/379,140 filed on May 8, 2002, and U.S. provisional application serial number 
60/426,058 filed on November 13, 2002, and is a continuation-in-part of U.S. non- 
provisional patent application serial number 10/329,295 filed on December 23, 2002; 
the disclosures of these prior patent applications are herein incorporated in their 
entirety by reference thereto. 

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH 

OR DEVELOPMENT 

Not Applicable 

INCORPORATION-BY-REFERENCE OF MATERIAL 
SUBMITTED ON A COMPACT DISC 

Not Applicable 

BACKGROUND OF THE INVENTION 

1. Field nf the Invention 

This invention pertains generally to systems and methods for treating medical 
conditions associated with the heart, and more particularly to surgical devices and 
procedures for treating cardiac arrhythmias using fibroblast cell therapy. 

2. nesr.riptinn nf Related Art 

Cellular therapy for treating cardiac conditions has been the topic of significant 
research and development in recent years, generally for the purpose of increasing 
cardiac conduction or function. In fact, certain types of injected cells have been 
observed to couple poorly with indigenous cardiac cell tissues, and various prior 
disclosures have cited a related decrease in conduction transmission as a significant 
obstacle to the intended cellular therapy. Some disclosures have cited a desire to in 
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fact modify the properties of injected cells to increase the cardiac tissue coupling for 
enhanced conduction or contractility. 

Tissue engineering techniques utilizing skeletal myoblast transplantation for 
myocardial repair has in particular gained increased attention with the demonstration 

5 that skeletal myoblasts survive and form contractile myofibers in normal and injured 
myocardium. However, the emphasis of myocardial repair has focused on the 
preservation of myocardial contractility with little attention given to the effects of 
tissue engineering on cardiac conduction or effects on cardiac arrhythmias. 

In addition, according to previous disclosures skeletal muscle cells may be 

10 initially injected as myoblast and thereafter differentiate into myotubes/myofibers. 
The conduction properties of myoblasts and myotubes are significantly different. 
Additionally, depending on how old the myoblasts are, they can vary in conduction 
properties. Therefore, following the injection of certain preparations of myoblasts, a 
heterogeneous mileau of cells may result which can produce unpredictable insulation 

15 results. However, the use of myoblast injections for creation of conduction blocks to 
treat arrhythmias should nevertheless be effective. 

Cardiac arrhythmias are abnormal conditions associated with the various 
chambers and other structures of the heart, and are typically treated by drug therapy, 
ablation, defibrillation or pacing. 

20 Cardiac arrhythmias are the leading cause of morbidity and mortality in the 

United States. In fact, it is believed that about 60% risk of all cardiac deaths are 
related to malignant ventricular arrhythmias. Atrial fibrillation (AF) is the most 
frequently occurring sustained cardiac arrhythmia, particularly among the elderly and 
patients with organic heart disease, and is one of the fastest growing segments of 

25 cardiovascular disease in the U.S. Conventional therapies center around ablation 
(destruction) of the aberrant conduction pathways, though often such pathways are 
observed to recur at a later date. Implantation of defibrillators and pacemakers are 
effective but are fraught with failure, high costs, and often undesirable side effects. 
The mechanical methods or implantation of pacemakers, and ablation 

30 therapies to some regard, generally attempt to re-create normal conduction in the 
heart and fix the initial disturbance. The goal of such conventional therapy is to 
enhance the normal physiologic process of the normal heart conduction moving from 
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cell to cell, from the SA node to AV node from the atrium to the ventricles. This 
cardiomyocyte to cardiomyocyte communication and conduction occurs through 
electromechanical coupling. This coupling is done by intercalated disks composed of 
adherens and gap junctions. Connexin 43 (Cx43) is the major gap junction protein in 
the ventricular cardiomyocyte while N-cadherin is the major adherent junction 
protein. Both are required to synchronize the electrical mechanical communication. 

Ablation is generally a treatment technique intended to create conduction 
blocks to intervene and stop aberrant conduction pathways that otherwise disturb the 
normal cardiac cycle. Typical ablation technology for forming conduction blocks 
uses systems and methods designed to kill tissue at the arrhythmogenic source or 
along an aberrant, cascading conductive pathway, such as by applying energy to 
destroy cells via hyperthermia such as with electrical current (e.g. radiofrequency or 
"RF" current), ultrasound, microwave, or laser energy, or via hypothermia using 
cryotherapy, or chemical ablation such as destructive ethanol delivery to cardiac 
tissue. Despite the significant benefits and successful treatments that have been 
observed by creating conduction blocks using various of these techniques, each is 
associated with certain adverse consequences. For example, ablative hyperthermia 
or other modes causing necrosis have been observed to result in scarring, 
thrombosis, collagen shrinkage, and undesired structural damage to deeper tissues. 

Atrial fibrillation (AF) is the most common cardiac arrhythmia, effecting 
approximately 0.4% of the general population and 10% of persons over the age of 65 
years of age. AF occurs in as many as 50% of patients undergoing cardiac 
operations. Patients with chronic AF have symptomatic tachycardia or low cardiac 
output and have a 5-10% risk of thromboembolic complications/events. A common 
treatment for AF is cardioversion, alone or in combination with anti-arrhythmic 
therapy, to restore sinus rhythm. Recurrence rates after such therapy as high as 
75% have been reported. Pharmacologic therapy is associated with adverse effects 
in a significant proportion of patients with AF. 

Other more current methods of treating atrial fibrillation include either through 
a surgical approach, or by use of various forms of energy to ablate conduction to 
electrically isolate discrete atrial regions. Current methods of ablation procedures 
have a high rate of re-occurrence and hold high complication rates. 
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More specifically, ablation devices and methods have been used in order to 
form conduction blocks as curative or prophylactic measures specifically to treat 
atrial fibrillation. However, side effects of such approach, including for example 
thrombus formation along the endocardial surface where the ablation energy is 

5 delivered, are in particular concerning in chambers such as the left atrium in 

particular where thromboembolisms may lead to downstream complications including 
stroke. Notwithstanding such side effects, ablation devices and systems for atrial 
fibrillation remains the focus of substantial research and commercial efforts in view of 
the substantial prevalence and harm from this dangerous medical condition. 

10 There is therefore a need for improved systems and methods for treating 

cardiac arrhythmias without the complications and risk factors of other previously 
disclosed therapies. 

There is in particular a need for improved systems and methods for forming 
conduction blocks at locations along cardiac tissue structures without substantially 

1 5 ablating cardiac tissue. 

BRIEF SUMMARY OF THE INVENTION 

It is an object of the invention to treat cardiac arrhythmias by forming 
conduction blocks without substantially ablating cardiac tissue. 
20 It is also an object of the invention to treat cardiac arrhythmias by forming a 

conduction block without requiring hyperthermia or hypothermia treatment of cardiac 
tissue. 

It is also an object of the invention to treat cardiac arrhythmias without 
requiring direct surgery techniques. 
25 It is a further object of the invention to treat cardiac arrhythmias using less 

invasive or minimally invasive systems and methods. 

Accordingly, one aspect of the invention is a system for treating a cardiac 
arrhythmia in a heart of a patient that includes a cardiac delivery system coupled to a 
source of material that comprises fibroblast cells. The cardiac delivery system is 
30 adapted to deliver a volume of the material from the source to a location associated 
with the patient's heart that includes cardiac cells such that the material is adapted to 
form a conduction block at the location. 
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According to another mode, the material of the source is adapted to be 
delivered by the cardiac delivery system into an extracellular matrix between cardiac 
cells at the location. In one embodiment of this mode, the material is adapted to 
intervene with gap-junctions between cardiac cells at the location. 
5 . According to still a further mode, the cardiac delivery system is adapted to 
deliver the material to the location along a ventricle wall of a ventricle in the patient's 
heart. 

In another mode, the cardiac delivery system is adapted to deliver the material 
to the location along an atrial wall of an atrium in the patient's heart. 
10 In still another mode, the cardiac delivery system is adapted to deliver the 

material to the location where a pulmonary vein extends from an atrium in the 
patient's heart, such as at the pulmonary vein ostium, or at locations where cardiac 
tissue extends into pulmonary veins along the pulmonary vein wall or immediately 
surrounding the pulmonary vein along the posterior atrial wall. 
15 In one further embodiment of this mode, the cardiac delivery system is 

adapted to deliver the material along a circumferential region of tissue at the location. 

According to one variation of this embodiment, the cardiac delivery system 
includes an expandable member that is adapted to engage the circumferential region 
of tissue. Such expandable member in according to one beneficial feature may be 
20 an inflatable balloon. In a further feature, the cardiac delivery system is adapted to 
deliver the material to the circumferential region of tissue when the circumferential 
region of tissue is engaged by the inflatable balloon. According to another feature of 
this expandable member variation, the cardiac delivery system further includes at 
least one needle cooperating with the expandable member. The cardiac delivery 
25 system according to this feature is configured to fluidly couple the at least one needle 
to the source of material and to deliver the material to the location via the needle. 

Another aspect of the invention is a system for treating a cardiac arrhythm.a in 
a heart of a patient that includes a cardiac delivery system that cooperates with 
means for treating a cardiac arrhythmia by delivering fibroblast cells into a card.ac 
30 tissue structure associated with the arrhythmia. 

In one mode of this aspect, the means includes a source of material that 
includes fibroblast cells and is adapted to form a conduction block when delivered to 
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the location. According to this mode, the cardiac delivery system is adapted to 
couple to the source of material and to deliver a volume of the material from the 
source to the location and that forms a conduction block there. 

According to another mode, the means for treating the arrhythmia includes 
5 means for forming a substantially circumferential conduction block along a 

circumferential region of tissue at a location where a pulmonary vein extends from an 
atrium. In one embodiment of this mode, the means for forming the substantially 
circumferential conduction block includes means for delivering the material to the 
circumferential region of tissue. 
10 According to yet another mode, the cardiac delivery system includes means 

for locating the location. This means for locating the location according to one 
embodiment includes an electrode that is adapted to couple to a monitoring system 
for mapping electrical conduction in cardiac tissue structures associated with the 
patient's heart. 

15 Another aspect of the invention is a method for treating a cardiac arrhythmia 

in a heart of a patient by forming a conduction block at a location associated with the 
patient's heart that includes cardiac cells. Further to this method, the conduction 
block is formed by delivering a material comprising fibroblast cells to the location. 

According to yet another mode of this method, the region to which the material 

20 is being delivered is located along a ventricular wall of a ventricle of the patient's 
heart. 

In another mode, the region to which the material is being delivered is located 
along an atrial wall of an atrium of the patient's heart. 

Another aspect of the invention is a method for treating a cardiac arrhythmia 
25 in a heart of a patient by forming a conduction block at a location associated with the 
patient's heart that includes cardiac cells by delivering living fibroblast cells to the 
location. 

Another aspect includes providing an overall system that includes: a cardiac 
conduction mapping system that is adapted to be used to identify the source and/or 
30 location of a cardiac arrhythmia; a preparation of material agent that includes 

fibroblast cells and is adapted to be injected into a cardiac tissue site and to provide 
a conduction block at the location; and a delivery catheter that is adapted to deliver 
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the preparation of material agent to the location so as to insulate the location 
against conducting cardiac signals and thereby reduce or eliminate the arrhythmia. 

Another aspect includes a method for assembling a cardiac arrhythmia 
treatment system that includes: choosing a delivery catheter that is adapted to 
5 . deliver a preparation of fibroblast cellular material into a cardiac tissue structure at a 
location within a heart of a patient that is diagnosed as being either a source of 
arrhythmia or along a arrhythmic pathway; and coupling the delivery catheter with a 
volume of fibroblast cellular material agent that is adapted to provide substantial 
insulation against cardiac conduction within the cardiac tissue. 
1 o A further mode of this aspect includes coupling an injector with the delivery 

catheter that is adapted to inject the volume of fibroblast cellular material to the 
location via the delivery catheter. 

Another aspect of the invention is a system for treating cardiac arrhythmia in a 
patient that includes a cardiac delivery system and a source of material comprising 
15 fibroblast cells coupled to the cardiac delivery system. The cardiac delivery system 
is adapted to deliver fibroblast cells from the source and substantially along a 
patterned region of tissue at a location within a tissue structure associated with the 
patient's heart and that includes cardiac cells. The fibroblast cells are thus adapted 
to form a conduction block along the patterned region of tissue at the location. 
20 According to one mode of this aspect, the cardiac delivery system further 

includes a contact member that is adapted to substantially contact the patterned 
region of tissue. The cardiac delivery system is adapted to deliver the fibroblast cells 
substantially along the patterned region of tissue when the contact member is 
substantially contacting the region of tissue. 

In one embodiment of this mode, the cardiac delivery system is adapted to 
deliver the fibroblast cells along an elongated pattern of tissue in the region of tissue 
at the location. In another embodiment, the cardiac delivery system is adapted to 
deliver the fibroblast cells along a linear pattern of tissue in the region of tissue at the 
location. In another embodiment, the cardiac delivery system is adapted to deliver 
30 the fibroblast cells along a curvilinear pattern of tissue in the region at the location. 

In another embodiment of this mode, the cardiac delivery system is adapted to 
deliver the fibroblast cells substantially along a circumferential region of tissue at the 
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location so as to form a substantially circumferential conduction block at the location. 
According to one beneficial variation of this embodiment, the cardiac delivery 
system is adapted to deliver the fibroblast cells along a circumferential region of 
tissue at the location where a pulmonary vein extends from an atrium. In another 
5 variation, a contact member is provided that is adapted to engage the circumferential 
region of tissue and to deliver the fibroblast cells to the circumferential region of 
tissue when contacted by the contact member. According to one beneficial feature 
of this variation, the contact member may be an expandable member, such as an 
inflatable balloon. Further to this latter variation, the cardiac delivery system may be 
10 beneficially adapted to deliver the fibroblast cells to the circumferential region of 
tissue when the circumferential region of tissue is engaged by the inflatable balloon. 

According to another mode, the cardiac delivery system further includes a 
plurality of needles cooperating with the contact member. The cardiac delivery 
system is further adapted to deliver the plurality of needles into and substantially 
15 along the patterned region of tissue and to inject the fibroblast cells substantially into 
and along the patterned region of tissue at the location via the needles. 

It is to be appreciated that various further aspects and modes are 
contemplated using fibroblast cells according to the various cellular therapy aspects 
of the invention elsewhere herein described, or may be considered further 
20 embodiments of the various modes of those inventive aspects, or to be variations of 
elsewhere described embodiments of such modes, as considered appropriate 
according to one of ordinary skill. 

For example, one such further mode includes introducing fibroblasts into a 
region of a patient's heart as an insulator to thereby create a conduction block 
25 sufficient to treat cardiac arrhythmias. 

According to one embodiment of such mode, the fibroblasts are autologous. 
According to one variation of this embodiment, the autologous fibroblasts are derived 
from a biopsy of a patient's skin, amplified, and injected and/or grafted. In one 
further variation of this embodiment, such fibroblasts are removed from the patient 
30 and prepared in a manner that is adapted to be delivered to the desired region of the 
heart. A further feature of this variation includes coupling such preparation to an 
appropriate delivery catheter. 
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According to another embodiment, the fibroblasts are delivered in a manner 
adapted to electrically isolate one or more arrhythmogenic foci in a patient's 
pulmonary vein. 

According to another embodiment, the fibroblasts are delivered in a manner 
5 adapted to treat atrial fibrillation. 

According to another embodiment, the autologous fibroblasts are delivered 
into a location associated with a patient's pulmonary vein to create an encircling 
isolated region from the mitral annulus to insulate and reduce and/or block 
electrical/mechanical conduction between the pulmonary vein and the atrium and/or 
10 atrial appendage. 

According to one highly beneficial variation of this embodiment, the fibroblasts 
are delivered into and substantially along a circumferential region of tissue at a 
location where the pulmonary vein extends from the atrium, which location may be 
for example where at the pulmonary vein ostium which may be a tunneling region 
1 5 where the atrium transitions into the pulmonary vein, or along a region where cardiac 
tissue extends into the pulmonary vein, or along the atrial wall and immediately 
surrounding the pulmonary vein ostium. 

Another embodiment includes placing autologous fibroblasts into a patient's 
pulmonary vein to disrupt the electrical conduction between the atria and/or atrial 
20 appendage and the pulmonary vein to restore sinus rhythm and reduce, eliminate, or 
prevent the incidence of atrial fibrillation. 

Accordingly, this embodiment according to one beneficial variation includes 
coupling a preparation of such fibroblasts for delivery with a pulmonary vein delivery 
catheter that is adapted to deliver the fibroblasts to produce the results described. 
25 Another embodiment of this fibroblast therapy method includes introducing the 

autologous fibroblasts into a patient's pulmonary vein to disrupt the electrical 
conduction between the atria and the pulmonary vein to reduce, eliminate, or prevent 
atrial fibrillation. 

Another object of certain of the fibroblast modes and embodiments of the 
30 invention is therefore to provide a method of introducing autologous fibroblasts in 
place of ablative therapy, e.g. microwave, thermal, RF, ultrasound, or laser energy 
delivery modalities, or chemical ablation such as alcohol ablation, in order to isolate 



-9- 



WO 03/094851 



PCT/US03/14880 



a patient's pulmonary vein from the atria and for atrial appendage and restore sinus 
rhythm and/or reduce or eliminate the occurrence of atrial fibrillation. 

Another embodiment of the fibroblast therapy method includes introducing 
modified autologous fibroblasts into arrhythmogenic foci as insulators to electrically 

5 isolate arrhythmogenic foci for the treatment of atrial fibrillation. 

Another embodiment of this fibroblast therapy mode includes introducing 
modified autologous fibroblasts into a patient's pulmonary vein to create an encircling 
isolated region from the mitral annulus to insulate and reduce and/or block 
electrical/mechanical conduction between the pulmonary vein and the atrium and/or 

10 atrial appendage. In one further variation of this embodiment, the modified 
autologous fibroblasts are injected. 

Another embodiment of the fibroblast therapy mode includes introducing 
modified autologous fibroblasts into a patient's pulmonary vein to disrupt the 
electrical conduction between the atria and/or atrial appendage and the pulmonary 

15 vein to substantially restore sinus rhythm, or at least reduce the incidence of atrial 
fibrillation. In one beneficial variation of this embodiment, the autologous fibroblasts 
may be derived from a biopsy of the patient's skin, amplified, and injected, and/or 
grafted. 

Still a further fibroblast therapy embodiment includes introducing modified 
20 autologous fibroblasts into a patient's pulmonary vein to disrupt the electrical 
conduction between the atria and the pulmonary vein to reduce or eliminate atrial 
fibrillation. In a highly beneficial variation, the autologous fibroblasts are derived 
from a biopsy of the patient's heart, amplified, and injected, and/or grafted 

Another object of certain of the fibroblast therapy modes of the invention is to 
25 provide a method that introduces autologous fibroblasts in place of microwave, 
thermal, RF, ultrasound, or laser energy to isolate a patient's pulmonary vein from 
the atria and and/or atrial appendage and restore sinus rhythm and/or reduce or 
eliminate the occurrence of atrial fibrillation. 

Another fibroblast embodiment includes a method of delivering autologous 
30 fibroblasts into the arrhythmogenic foci to electrically isolate the foci to reduce or 
eliminate the arrhythmogenic conduction pathway producing ventricular or atrial 
fibrillation or tachyarrhythmia, using a needle injection system. 

-10- 
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Further modes of the various aspects described herein contemplate particular 
delivery systems and methods, such as using percutaneous translumenai delivery 
approaches, though other more direct surgical approaches may be used in other 
variations, and in a particular variation transthoracic minimally invasive systems and 

5 methods may be used. Delivery may be done intracardiac via the cardiac chambers, 
or epicardially, or transvascularly (e.g. via coronary sinus or septal perforators), 
according to further appropriate device and method variations, respectively. 

Further aspects, modes, embodiments, variations, and features of the 
invention will be brought out in the following portions of the specification, wherein the 

,o detailed description is for the purpose of fully disclosing preferred embodiments of 
the invention without placing limitations thereon. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 

The invention will be more fully understood by reference to the following 
1 5 drawings which are for illustrative purposes only: 

FIG. 1 Is a schematic view of various components of a system for creating 
cardiac conduction blocks according to one embodiment of the invention. 

FIG. 2A is a transverse cross-sectional view of one catheter embodiment such 
as taken along line 2-2 through the catheter shown in the system of FIG. 1 . 
20 FIG. 2B is a transverse cross-sectional view according to another catheter 

embodiment in a similar view to that shown in FIG. 2A. 

FIG. 2C is a transverse cross-sectional view according to still another catheter 
embodiment in a similar view to that shown in FIG. 2A. 

FIG. 3 is a schematic view of various components of another system for 
25 creating cardiac conduction blocks according to another embodiment of the 
invention. 

Fig 4 is an exploded view of a distal tip portion of a needle accord.ng to one 
further embodiment for use according to a system of the invention such as that 
shown in FIG. 3. 

FIG. 5 shows an exploded view of a drop of material agent dehvered through a 
needle according to the invention as shown in region 5 in FIG. 3. 

FIG. 6 shows a partially cross-sectioned view of a distal tip portion of another 
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non-ablative material delivery system for forming a cardiac conduction block 
according to another embodiment of the invention. 

FIGS. 7A-C show exploded views of an infarct region of a cardiac chamber 
during sequential modes of using the present invention, respectively. 
5 FIG. 8A shows a partially segmented perspective view of a distal end portion 

of another system according to a further embodiment of the invention. 

FIG. 8B shows an end view taken along lines B-B in FIG. 8A. 

FIG. 9 shows a partially segmented view of a distal end portion of the device 
shown in FIGS. 9A-B during one mode of in-vivo use at a location where a 
10 pulmonary vein extends from an atrium in a patient. 

FIG. 10 shows a schematic view of another catheter embodiment according to 
the invention. 

FIG. 1 1 shows a schematic view of yet another catheter embodiment of the 
invention. 

15 FIGS. 12A-D show various modes of forming a patterned conduction block for 

pulmonary vein isolation according to certain embodiments of the invention. 

FIGS. 1 3A-B show various modes of another embodiment of the invention for 
forming a patterned conduction block for pulmonary vein isolation. 

FIGS. 14A-C show various further modes providing elongated patterned 
20 conduction blocks according to the invention. 

FIG. 15 shows various steps in forming a system for delivering cells in 
combination with fibrin glue to form a conduction block according to a further 
embodiment of the invention. 

FIGS. 16A-B show schematic view of two representative cardiac cells during 
25 two modes according to the invention, wherein FIG. 16B shows the cells physically 
separated by injection of a material into the junction between the cells according to 
one embodiment of the invention. 
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DETAILED DESCRIPTION OF THE INVENTION 

Referring more specially to the drawings ,for illustrative purposesthe 
present invention is embodied in the systems and methods generaily shown in FIG. 
throughFIG. 16B. it will be appreciated that the apparatus may vary as to 
configuration and as to details ofthe parts, and that the method may vary as to the 
specific steps and sequence, without departing from the basic concepts as d.sclosed 

herein. , ^ 

FIG 1 shows one embodiment of the invention that provides a cardiac 
treatment system 1 that includes a souroe of materia, 10 and a deUvefy catheter 20. 
oeiivery eatheter 20 is adapted to eouple to souroe of materia, 10 and to d*er 
materia, 1 5 to a regton o, a hear, in a pa«en., as shown for example ,n F G. 2. More 
specify, accord,ng to this embodiment, delivery catheter 20 has an embody 
22 wlU, a proximal end portton 24. a diata. end portion 28, and a iumen 32 extend, ng 
therelhrough between proxlma, and dWal ports 34.38 iocated a,ong prox^a and 
dista, end porbone 24.28, rsspecbveiy. Proxima, pert 34 indudes a proxrma coupler 
38 that is adapted to coup,e to a coupler (not shown) on souroe of 

Deliver catheter 20 includes a needle 40 that ,s adapted to extend beyond 
dista, » 28 of catheter 20 and into tissue and further to deliver materia, 16 from 

10 into such basue. Needle 40 may be fixed relafive to catheter 20 or ,n a 
beneficial variafion is moveabia, such as axially, as shown in FIG.1 by a»al 



20 

reference arrow. 



25 



30 



ice 3 now j 
The assemb,y of delivery catheter 20 and needle 40, in a highly **M 
torn, may include simpiy a singie ,umen shaft tor catheter body 20 having a single 
^J^^ho»--^40««h-^»-««f 

lumen 46 for delivering material 15 as an agent into the target trssue. This 

,umen design may be incorporated, as shown in vanabons m FIG. 2B-C as Wows. 

F^ shows a cross secfion of a mulfi-iumen desfcn wKh needle 40 res*g 
v«n catheter luman 32, and also further proving addtoa, lumens 0 and 60 ,n 
rle,er20. These addfiiona, lumens may have various dWerentfuncbons, 

depending upon the particular needs. i umen 50 houses a pull-wire 56, 

In the particular variation shown in FIG. 2C, lumen ou nou 
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whereas lumens 60 and 70 house lead wires 66 and 76. Pull-wire 56 extends 
between a first securement point at tip 29 and an actuator (not shown) along 
proximal end portion 24 that is adapted to allow for axial manipulation of pull-wire 
externally of the body, to thereby deflect distal end portion 28 in-vivo. For deflectable 
tip designs, certain other material properties are generally taken into account, such 
as catheter shaft design, flexibility of material chosen for shaft construction, etc., and 
various other substitute deflection or other manipulation designs or techniques are 
also contemplated. For example, rather than pull-wire, push wires may be used, or 
other members than wires such as polymer filaments or fibers, or torsional members. 
In another alternative design not shown, a guidewire tracking member is provided to 
work over a guidewire as a rail for remote positioning in-vivo. 

Lead wires 66 and 76 extend between a mapping electrode, such as may be 
provided at tip 29 or otherwise along distal end portion 28, and a proximal electrical 
coupler that is adapted to couple to a mapping monitoring assembly to provide an 
overall mapping system with catheter 20 for determining the location for material 
injection to form a conduction block. General mapping electrode configurations, or 
combinations of such electrodes, may be suitable for such use according to one of 
ordinary skill. Moreover, the mapping electrode may be radiopaque for x-ray 
visualization. To this end, other radiopaque tip markers may also be deployed for 
such visualization, or other markers or visualization techniques may be used 
according to one of ordinary skill, such as ultrasound (for example either 
intravascular, intracardiac, or transesophageal), magnetic resonance imaging 
("MRI"), or other suitable modes. 

It is also contemplated that needle 40 may take many different forms, such as 
a relatively straight sharp-tip needle, or may be a hollow screw-shaped needle or 
other mechanism, such as to aid in anchoring at the desired location. 

Moreover, catheter 20 may be adapted to provide delivery of needle 40 at 
other places than at tip 29, such as along the side wall of the elongate body of distal 
end portion 28 of catheter. In addition, multiple needles may be deployed such as 
along a length of catheter 20 in order to form conduction blocks along a prescribed 
length. To that end, the same needle may be used at different locations, such as 
delivery through different lumens to different ports along catheter 20, or multiple 
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' needles deployed simultaneously or sequentially. 

Source of material 10 includes an injectable matenal 15 that ,s adapted to 
fcm, a conduction Mode in cardiac flesue shares genaraiiy - flbrobias, «* 

materials include: calls, powers, or other fluids or preparaflons M t**» w*h 
* erceilular iuncflons. sue* as impeding communicate across or physrea, y 
Tol I Liar gap iuncflons, and in one parflcular further example an ,n,ectable 
ng a collagen agent suet, as cetlagen, or a precursor or analog or 

More epeeffle modes o, *e invent uses flb ro b,as te tn place ot othe eel, 
types such as myohiasts. stem cells, or other cells mat P^a sufflc»nl g«P 

, heraP y attempts, including using myoblasts, have * ^ ^* Such 
obeervabon .s bel.eved tor , anted cells and existing cardiac tissue. 

arrhythmic pathways, or at focal sources of arrhythm.a, 



-15- 



WO 03/094855^^ PCT7US03/14880 

conduction blocking effects in a positive manner to in fact provide the opposite 
results versus previous observations - cure arrhythmias with localized, cellular 

conduction blocks. 

Fibroblasts are a cell of the type considered highly beneficial mode for 
creating conduction blocks via cell therapy. In one particular beneficial regard, 
fibroblasts do not undergo a transition stage from proliferating to mature cells as do 
skeletal myoblasts. Fibroblasts therefore have a more homogeneous excitation 
pattern as compared to skeletal muscle. Fibroblasts' electrophysiological properties 
are fairly consistent from one fibroblast to the next, and are believed to be effective 
for blocking conduction. Therefore, in one illustrative embodiment using fibroblasts 
to block VT for example, very similar responses can be predicted between 
batches/injections. 

Therefore, the invention according to the highly beneficial embodiments 
described herein, provides systems and methods to treat cardiac conduction 
disturbances using fibroblast cell transplantation. In one particular highly beneficial 
embodiment, the fibroblasts are taken from dermal samples of the patient being 
treated, and are subsequently prepared appropriately (e.g. in a culture/preparation 
kit) and transplanted to a location within a cardiac tissue structure to retard cardiac 
tissue conduction along an arrhythmia pathway, or create alternate pathways of 
conduction to treat conduction disturbances in the heart, such as atrial fibrillation, 
ventricular tachycardia and/or ventricular arrhythmias and CHF. 

The invention therefore according to this beneficial embodiment uses 
autologous fibroblasts from the patient's own body, and transplants them to the area 
of the conduction abnormality of the heart. Fibroblasts are cells that can survive and 
multiply in the low oxygen environment of a scar (typically conduction abnormalities 
of the heart occur on the leading edge between the scar tissue from an AMI and 
normal cardiac tissue) and have the ability to either block or change/remodel the 
conduction pathway of the heart, or where electromechanical coupling of the 
fibroblasts can be induced such as via modified fibroblast cells, create new pathways 
to normalize the conduction of the heart from abnormal conduction pathways. 

Yair Feld, ef. a/., "Electrophysiological Modulation of Cardiomyocytic Tissue by 
Transfected Fibroblasts Expressing Potassium Channels: A Novel Strategy to 
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■ Manipulate Exttabifity," Mto 0— » » *» ~ 
Ooblasts transfer * voltage-sensiffce potassiun, — 1 ™ M«* 
ft. electrophysiological parties of a cardiomyocyte culture. They drsdose 

; cause changes in e,ec,rophyeK,,ogic*l proper^. The disclosure of I. reference 
herein incorporated In Its entirety by reference thereto. 

invent, a paben, s own fibrobiasts are cuitured and banap^ *- «** 
areas of conduction abnomraMes In the heart where they can prolrferate and act 
„ Ihoc^agen.tore.odeHheconducbonpamway. Or, in other embody 
m H are provided toinciude the producUon of gapiunction proterns ,n these 

he art to normalize the conduct pathway via the fibroblasts' rittf to 
electromechanically couple w«h the ex^ng cardiac .. ln 

Whereas certain broad aspects of the Invention incorporate cell therapy n 

* rrrrr.tr: 

30 POSTLETHWAITE A, KANC? a., correlates," 1999, 

D /^c\ ■•inflammation. Basic Pnncipies and Clinical uunei 
Snyderman R (eds), Inflammauon. H5erI „ Qlires of these references are 

P h iiadelphia:Lippinco tt Williams & Wilkins.Thed,sclosuresofthes 
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herein incorporated in their entirety by reference thereto. 

Skin fibroblasts potentiate the migration to PDGF and increase collagen 
accumulation and MMP synthesis, and net collagen accumulation, as disclosed for 
example in the following reference which is also herein incorporated in its entirety by 
reference thereto: KAWAGUCHIY.HARA M.WRIGHTTM., "Endogenous 1 alpha 
from systemic sclerosis fibroblasts induces IL-6 and PDGF-A," J Clin Invest, 1999, 
103:1253-1260. This formation of collagen matrix coupled with the lack of gap 
junction proteins in fibroblasts creates the electromechanical isolation from 
cardiomyocytes. A total lack of electrical conduction has been observed in regions 

with fibroblast migration in the myocardium of patients with a previous Ml. 

Therefore, fibroblasts are cells that can be utilized (and proliferated) to create 

electrical insulation and/or reduction of electrical conduction in regions in the 

myocardium that present as the arrhythmogenic foci of abnormal conduction 

pathways. 

Fibroblasts can be biopsied from many tissues in the body (lungs, heart, skin) 
isolated, amplified in culture, and introduced (via injection, graft delivery, grafting, 
with a polymetric carrier or backbone) into a region of the heart where there is a 
need to reduce the conduction, isolate an arrhythmic pathway, or isolate an 
arrhythmogenic focus in the cardiovascular system including pulmonary veins, atria 
and ventricles, and atrial appendage. 

Cell therapy for treating cardiac arrhythmias according to various aspects of 
the present embodiments is considered a highly beneficial illustrative example of a 
non-ablative means for creating conduction blocks in cardiac tissue structures, more 
specifically associated with the cardiac chambers, though also including other 
locations where cardiac tissue may exist (e.g. pulmonary veins). This aspect 
provides immense benefit in providing the intended therapy without many of the 
other side effects and shortcomings of other conventional techniques for forming 
cardiac conduction blocks, such as in particular using cardiac ablation. For example, 
hyperthermia and thus collagen shrinkage and other substantial scarring responses 
to other conventional ablation energy delivery modalities is substantially avoided. 
This has particular benefit for example in preventing occlusion, such as in forming 
conduction blocks in or around a location where a pulmonary vein extends from an 
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atrium in order to treat or prevent atrial fibrillation. 

,„ addition, oell therapy is generally acoomplished in a hrghly located 
manner vritereas many ablation techniques sufferfrom centre, of enerey delrvery 
Zelf of impact .herefrom in tissues a, or beyond the targeted tocabon For 
. IT— associated * the high temperature gradient necessa* to form 
Ilral conduction blocKs using many RF energy ablation devices technique ns 
ITed ,n another regard, undesired energy dissipate into surroundrng bssues ,s 

using the substantia,* non-ablaflve cellular merapy systems and methods of me 

substantially ablating cardiac tiasue. 

Embodiments of materia, 15 may include primarily or only one ma ten I sud, 

H£ such as fluids or other substrates te provide the cells In an overall 

" »:r========- 



-19- 



WO 03/094851 




PCT/US03/14880 



Sierra, DH t "Fibrin sealant adhesive systems: a review of their chemistry, material 
properties and clinical applications." J Biomater Appl. 1993;7:309-52. The 
disclosure of this reference is herein incorporated in its entirety by reference thereto. 
According to still a further beneficial combination, a preparation of fibroblast 

5 cells and a second non-living material are both delivered into cardiac tissue 
structures to form a conduction block there. In one further more detailed 
embodiment, the non-living material is adapted to enhance retention of the fibroblast 
cells being delivered into the location where the conduction block is to be formed. In 
another regard, the non-living material is adapted to further contribute to forming the 

10 conduction block, such as by intervening to the gap-junctions between cells in the 
injected region. One particular example of a material that provides significant benefit 
in such combination with fibroblast cellular therapy is fibrin glue. More specifically, 
fibrin glue has been observed to provide enhanced retention of cells such as 
myoblasts that are injected into cardiac tissue in order to treat damaged cardiac 

15 structures, such as infarct regions of a heart, as further developed by reference to 
one of the Examples below. 

Notwithstanding the significant benefit of using fibrin glue in combination with 
fibroblast cell delivery for treating cardiac arrhythmias, other suitable substitute 
materials having similarly beneficial effects in such combination are also 

20 contemplated, such as other polymers or molecular scaffolds or materials that 
intervene sufficiently to inter-cellular gap junctions or otherwise impact the 
extracellular matrix in cardiac tissue structures to substantially block arrhythmic 
conduction from propagating. Moreover, collagen or precursors or analogs or 
derivatives thereof are further considered useful for this purpose, either in addition or 

25 in the alternative to fibrin glue. 

For further illustration, FIG. 3 shows a further embodiment of the invention 
that provides a delivery catheter 120 that is adapted to couple to two sources 
1 12,1 16 of two separate materials 1 14,1 18, respectively. In this regard, such 
combination is considered where reference to a "source of material" is elsewhere 

30 herein described, and is thus illustrated as a combination source of material 1 10 in 
FIG. 3. In this particular embodiment, the two materials 1 14,1 18 are two precursor 
materials to forming fibrin glue, and their combined delivery, either as the separate 
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precursor materia* that a* later mfced. or in coined form mated -*n 
hence centered a fibrin glue 'aganf . Thus, "agent" in ft. use . intended to mean 
the end resun. or .he necessary combinaHon of precursor m a,er,ai components .hat 
,ead to .he resuKan, materia., thou B h in other regards "agent" may also ,nc,ude me 
5 desired resulting material itself. 

Acoerdingiy, a system 100 as shown in FIG. 3 and by further reference to 
FIGS 4and5 i s ada P .adtodelrverprecursormaterials114,118into.hebody 
p^y Ira they are herein mixed and del.e.d thn>ugh needie 140 beyond 
p 12? die., end portion 128 info .issue as a mixed form of fibrin giue 160 An 
0 lmp,aryneed,eassemb.140shown.nB0.5foraccomp,ish,ng«,isob^ve 

delivers precursor matertals 1 14,1 18 via separate lumens 144,148, reapply, that 
IZe * mbring lumen 1 50 related te needte assembly 140 wherem fibnn glue 
160 Led ius, prior te iniecuon vte needte 140 as an injected fibnn glue, as 
shown in exploded view in FIG. 5. 

„ is lemplated thai the aasemb.y and venous components o system 1 00 

StiUfurther.moremanonedelive^devicemaybeuaedforeachoffwo 

SMI turner, m vamnie FIG 6 shows a schematic view of a system 

materials being delivered. For example, FIG. e anows « 
25 Twh rain a disla, end 229 of catheter 220 in conted w«h a reference rag 

lie .issue 202. in this embodiment, fwo aeparate and dislinc. needles 240,250 
r re Tedtodelivereacho, W omateria,s214,218, re spac,,ve,y,. ro msources 

are usea iu u«.. na tient's bodv In this manner, two 

212 216 also respectively, located outside of the patient s oooy. 

3„ L fibrin giue 260 w«h,n .he tissue — . This provides — 

prevent unwanted clogging of tee respeclive deHvery .umen wdh,n catheter 
during delivery to the remote in-vivo tiasue location. 
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Further to this example, various other structures are assumed to form a part of the 
overall system 200, such as for catheter 220, including for example an actuator (not 
shown) that may be one common actuator or multiple independent actuators for 
advancing needles 240,250 into tissue 202, and/or otherwise injecting the materials 

5 214,218 respectively therethrough. 

In addition, the systems 100 and 200 just described are illustrated for use with 
fibrin glue agents that include a combination of two precursor materials. However, 
other materials may be substituted for use in such systems, and such systems may 
be appropriately modified for a particular material delivery. For example, fibroblast 

10 cells may be delivered in combination with a second material according to either 
system 100 or 200. In addition, such second material may itself be a fibrin glue or 
other biopolymer agent, which may illustrate further multiples of sources and delivery 
lumens. 

For further understanding, the embodiment of FIG. 3-4 may be combined with 
15 that of FIG. 6 as follows. A source such as source 212 in FIG. 6 may include 
fibroblast cells as material 214 to be delivered. However, source 216 in that 
embodiment may itself include two separate sources that are precursor fibrin glue 
agent materials, and thus needle 250 of the FIG. 6 embodiment may be of the type 
shown for needle 140 in 
20 FIG. 4. 

The present invention is useful for treating cardiac arrhythmias, such as for 
example as follows by reference to FIGS. 7A-C. More specifically, FIG. 7A shows a 
region of cardiac tissue 302 that includes an infarct zone 304 that is related to a 
reentrant conduction pathway 306 (illustrated in bolded arrows) associated with 

25 cardiac arrhythmia. As shown in FIG. 7B, the distal end portion 328 of a catheter 
320 of the invention is delivered to the region at a location associated with the 
reentrant circuit 306. This is done for example using a mapping electrode 330 
provided at distal tip 329 and via an external mapping/monitoring system 336 
coupled to proximal end portion 324 of catheter 320 outside of the body. Needle 340 

30 is punctured into the tissue at the location, and is used to inject non-ablative 

conduction block material 315 from source 310, also coupled to proximal end portion 
324 of catheter 320 outside of the body. According to this highly localized injection 
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or the material 315 Mo the location across .he reenttant circuit 306 the circuttis 
^ by materia, 315 and its arrhythm* ** **— <* — * 

with hopeful return to sinus rhythm. 

Lh«ypeofoa*oanhy,h m ia te a,eooonsidered,opresen,un, q ue 

, Crcum ties both anatomically and f uncttonaily. that may in some —ce s 
Zl from speciaily adapted eel, deiivery devioes and technlgues ,n order*, 

• mmm 

parucuiar adaptation prov^es a circumfercntta, pattern for delrvery o, non-aWattve 
Sin bL materia,, and is variousiy deecrtbed by reference to the 
embodiments shown in FIGS. 8A-1 1 as follows. 

System 400 shown in FIG. 8A includes a deliver catheter 420 win an 

3180 400 Is in pedicular adapted for formin 8 non-abiattve circumferential 

Crcmferentia, conduction »* in a circumfere n«n ^o, . s sue a, 
25 whe.apu.mona^e^dstt.manatt^Aaa^RO.^ 

mayb« 8 enera,,ya,^ 

respective pulmonary vem 406, but m y ^ ^ a 

— rr^rmanlosetysumoundln.ttie 
region of ttssue along the back « > ^ ^ ^ § 

. pulm onary **«^££££ p J^veln attends from an atttum.-o, 
and be considered at a location wnere v m 
such tteatmen. may be more located to only one such place, m wttrc 
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considered a "location where a pulmonary vein extends from an atrium." 

In any event, such circumferential conduction block is adapted to substantially 
isolate cardiac conduction between tissue located on one side of the circumferential 
region of tissue, e.g. within the circumference, and tissue on the other side, such as 
outside of circumferential block. For further illustration, in the highly beneficial mode 
shown in FIG. 9, the balloon 430 is adapted to seat at the location and engage the 
circumferential region of tissue with the needles 440 penetrating therein. By injecting 
the material 414 through the needles in a sufficient volume and manner, their 
injectate will sufficiently inject along the circumference and thereby the 
circumferential conduction block may be formed. 

It is to be appreciated that the conduction block formed by such a device and 
in similar manner may not be absolute or complete and still provide beneficial results. 
In one regard, transecting a portion of such a region of tissue may be sufficient to 
block an arrhythmic conduction path therethrough, such as across "fingers" of 
cardiac tissue that have been observed to extend up from atria and into the base of 
pulmonary veins. In addition, such balloon designs that have insufficient needle 
coverage to provide for overlap between their injectates may be partially rotated one 
or more times for better circumferential coverage and overlapping. Notwithstanding 
the foregoing, a complete or substantially complete circumferential conduction block 
at such pulmonary vein ostial location is considered a highly beneficial embodiment 
and optimal result in many cases. In fact, by providing such conduction block at 
such location of each pulmonary vein, atrial fibrillation may be cured without the need 
for mapping so extensively to identify which specific vessel houses a focal origin of 
such arrhythmia. While other such procedures using ablation techniques has been 
previously suggested, by removing the need for ablation according to the present 
invention, such empirical treatment modality involving all pulmonary veins may 
become in fact an appropriate choice for AFIB patient care. 

Various further enhancements or modifications of the device just described by 
reference to FIGS. 8A-9 may be made. For example, a deflectable tip design shown 
in FIG. 10 may be used wherein catheter 460 has a distal end portion 468 with a 
balloon 466 that is deflectable by manipulating actuator 464. Pull wire designs for 
example may be employed to achieve this embodiment. In another embodiment 
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shown in FIG. 1 1 , a catheter 470 has a guidewire tracking mechanism via an internal 
lumen that rides over a guidewire 480 so that distal end portion 478 and balloon 476 
may be delivered to the pulmonary vein where the guidewire 480 is seated. Standard 
forms of guidewire coupling, e.g. using a hemostatic valve for example shown 
5 . schematically at coupler 474 in FIG. 1 1 , may be used. 

In further exemplary modifications of the specific illustrative embodiments 
herein shown in the Figures, needles may be replaced by other modes for delivering 
the desired material, such as through wails of porous membranes forming such a 
circumferential band. Other devices than a balloon may be used as well, such as 
10 expandable members such as cages, or other devices such as loop-shaped elongate 
members that may be configured with appropriate dimension to form the des.red 
circumferential block. Moreover, other blocks than circumferential blocks may be 
made and still provide benefit without departing from the intended scope hereunder. 
In one regard , other conduction blocks may be done such as similar to the "maze" 
15 procedure and using similar techniques to those previously described using ablat.on 
technology. 

The present invention has been described above by reference to several 
highly beneficial embodiments that provide conduction blocks in hearts without 
substantially ablating cardiac tissue. It is to be appreciated that the terms "without 
20 substantially ablating", ''substantially non-ablative," or terms of similar import, are 
intended to mean that the primary mechanism of action is not ablation of tissue, and 
that the majority of tissue is not ablated at the location of material delivery. However, 
it is also to be considered that any material being delivered into a tissue may result ,n 
some attributable cell death. For example, the pressure of injection, or even the 
25 needle penetration itself, may be responsible for killing some cells, but such » not 
the mechanism by which conduction block is primarily achieved. In a sim.lar regard, 
at some level it may be the case that all materials have some toxicity to all cells. 
However, a material is herein considered substantially non-ablative wrth respect to 
cardiac cells if such material does not cause substantial ablation as delivered, and 
30 cardiac cells can generally survive in the presence of such material in such delivered 
quantities. 

It is also contemplated that cell delivery according to the invent™ may result 
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in certain circumstances in substantial cell death in, or subsequent apoptosis of, the 
original cardiac cells in the region of tissue where delivery is performed, but such 
original cells are replaced by the transplanted cells. The result of such circumstance 
remains beneficial, as the structure remains cellular as a tissue and considered 
preferred over a scarred, damaged area as would result from classic ablation 
techniques. 

In addition, despite the significant benefit provided according to the various 
aspects of the invention for non-ablative conduction blocks, further embodiments 
may also include ablative modes, such as for example by combining cell or fibrin 
glue delivery with ablation, either concurrently or serially. 

Other specialized tools may be made for particular needs related to certain 
localized arrhythmias. As would be considered generally illustrated by the varied 
embodiments provided generally in the FIGS for example, a contact member is 
typically provided in the exemplary cardiac delivery system to contact the tissue at 
the target location and provide the required material delivery there. As generally 
illustrated by FIGS. 1-7B or 15 according to one of ordinary skill, certain needle or 
"end-hole" injection delivery catheters may be used in certain instances to inject the 
conduction block material at generally a single location, such as to insulate a focal 
source of arrhythmia, such as in a pulmonary vein subsequent to or 
contemporaneous with finding its location via mapping. In such circumstance, a 
catheter providing needle or end-hole infusion in combination with a tip mapping 
electrode may be used for example. Certain more complex "needle" injection 
devices have been disclosed, such as for example using screw needles with multiple 
ports along the screw shank, or the needle devices provided herein with multiple 
adjacent needles intended to provide localized mixing in tissues (e.g. FIG. 6). 
Nevertheless, these are generally considered "point" delivery devices to the extent 
the intended injection is into one localized site along the cardiac tissue structure wall. 

In contrast, the embodiments of FIGS. 8A-13B provide general illustration 
according to one of ordinary skill that such delivery may be beneficially provided 
along a predetermined pattern of tissue along the respective cardiac tissue structure 
(e.g. wall) beyond a single injection site as would result from such needle or end-hole 
devices. More specifically, in order to create the necessary conduction blocks to 
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treat many varied types of arrhythmias, it is often desired to provide the conduction 
block along a particular patterned region of tissue at a location associated with the 
arrhythmia. Thus the delivery catheter desired to achieve such block would be 
suitably adapted to deliver the non-ablative material along such patterned region. 
Such patterned delivery and resulting conduction block generally provides pre- 
determined geometry with varied dimensions (e.g. shapes having length, width, arcs, 
etc.), and may be for example elongated, such as linear or curvilinear, such as for 
example via shapeable, e.g. deflectable, or shaped elongated contact members. 

Other specific examples of desired patterns may be employed by combining 
multiple discretely patterned conduction blocks to achieve an overall patterned effect, 
such as for example similar to complex lesion patterns such as previously disclosed 
Cox-Maze type that provides a "box" encircling the pulmonary veins on the posterior 
left atrial wall (and often including an additional conduction block from the box to 
another cardiac structure providing conduction terminus, e.g. mitral valve or septum). 
Other examples include substantially circumferential conduction blocks as herein 
described for example for use at the base of pulmonary veins (e.g. FIGS. 8A-1 1 ). 

Moreover, similar patterns may be used in different locations to provide 
conduction blocks against different arrhythmic pathways. For example, 
circumferential patterns used for pulmonary vein isolation may also be used to 
isolate atrial appendages, or at or adjacent to the valves to isolate atrial from 
ventricular conduction. While similar structures may be used to achieve similar 
patterns of conduction block in these locations, various modifications may be 
required to perform such activity in these different locations that may present unique 
access challenges or anatomical/ dimensional characteristics. 

It should also be appreciated that other modifications may be made to achieve 
similar objectives. For example, contact members such as cages, balloons, screw or 
needle anchors, may be used in order to anchor a delivery assembly in place so that 
needles or other injection or delivery members may be then extended from a position 
along the delivery catheter to another location adjacent to the contact member. In 
another regard, it is to be appreciated that contact members may include the needles 
themselves, and multiple needles may be employed in a spaced fashion over a 
pattern for delivery, allowing for the injection and subsequent diffusion or other 
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transport mechanisms in the tissue to close the gaps and complete the pattern as 
one example of an equivalent approach to continuous, uninterrupted contact of a 
delivery member over that pattern. In other words, "contacting" a patterned region of 
tissue is considered contextual to the particular embodiment or application, and may 
be substantially continuous and uninterrupted contact in certain circumstances, or in 
others may have interruptions that are considered insignificant in the context of the 
anatomy or more general use. 

For the purpose of further illustration, other more specific examples of delivery 
devices and methods that may be modified according to this disclosure to achieve 
the various objectives of the present invention are variously disclosed in one or more 
of the following issued U.S. Patent references: US 5,722,403 to McGee era/.; US 
5,797,903 to Swanson era/.; US 5,885,278 to Fleishman; US 5,938,660 to Swartz et 
a/.; US 5,971 ,983 to Lesh; US 6,012,457 to Lesh; US 6,024,740 to Lesh et a/.; US 
6,071 ,279 to Whayne et a/.; US 6,1 17,101 to Diederich ef a/.; US 6,164,283 to Lesh; 
US 6,214,002 to Fleischman et a/.; US 6,241 ,754 to Swanson ef a/.; US 6,245,064 to 
Lesh et a/.; US 6,254,599 to Lesh et a/.; US 6,305,378 to Lesh; US 6,371,955 to 
Fuimaono et a/.; US 6,383,151 to Diederich et a/.; US 6,416,511 to Lesh ef a/.; US 
6,471 ,697 to Lesh; US 6,500,174 to Maguire et a/.; US 6,502,576 to Lesh; US 
6,514,249 to Maguire et ah; US 6,522,930 to Schaer et al\ US 6,527,769 to 
Langberg et air, US 6,547,788 to Maguire et ai. The disclosures of these references 
are herein incorporated in their entirety by reference thereto. 

To the extent these references variously relate to ablating tissue, the intended 
locations and patterns of conduction blocks, and therapeutic uses, and furthermore 
general delivery modalities, are considered useful according to further embodiments 
of the present invention to the extent modified for delivering non-ablative conduction 
block material or otherwise cellular transplantation into the cardiac tissue structures. 
For example, where ablation devices are disclosed, various related elements such a; 
ablation electrodes, transducers, optical assemblies, or the like, would be replaced 
with suitable elements for injecting the materials of the type described herein. Other 
related elements such as ablation actuators, e.g. power sources, would be replaced 
with suitable sources of injectable material, and luminal structures of the delivery 
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assemblies may be also suitably modified to provide for such injection to replace the 
prior modes of coupling such as electrical leads etc. Moreover, to the extent delivery 
of ablative fluids such as alcohol may be described by such previously disclosed 
systems and methods, such may be replaced by the materials and novel methods 
5 described herein according to still further embodiments of the invention. 

For further illustration, the following reference to FIGS. 12A-D and 13A-B 
provides such modification to certain embodiments of issued U.S. Patent Number 
6,012,457 to Lesh in order to provide for patterned conduction blocks according to 
the present invention for the purpose of pulmonary vein isolation as also previously 
1 o illustrated by the embodiments above by reference to FIGS. 9-11. 

More specifically, FIGS. 12A-D show a system 500 using a transeptal 
procedure via a transeptal sheath 502 providing a delivery lumen 504 into the left 
atrium of a heart in a patient. Delivery catheter 510 includes an expandable balloon 
512 that is adjusted by an inflation device 506 (e.g. source of fluid) into a radially 
15 expanded configuration with an expanded outer diameter OD along a working length 
L that is engaged to a circumferential region of tissue at a location where a 
pulmonary vein extends from an atrium. A circumferential band 514 encircles the 
balloon 512 with a width w less than the working length L and is adapted to couple to 
source of material 520, shown schematically in FIG. 12A. Circumferential band 514 
20 may carry a circumferential array of needles as previously described above, or may 
be porous, etc. to deliver the material that forms the conduction block. 

The delivery catheter 510 shown is of a particular guidewire tracking type 
similar to shown and described by reference to FIG. 1 1 , and in this particular 
illustrative variation is more specifically of the "rapid exchange" or "monorail" type. In 
25 other words, a lumen 51 8 is provided that tracks over a guidewire 530 over 
principally only a distal end portion of the catheter 510 that includes the balloon 
assembly 512. As shown in FIG. 12B, lumen 518 extends between distal port 517 
and proximal port 519 on opposite sides of balloon 512. By withdrawing guidewire 
530 after using it as a rail to deliver the balloon 512 to the pulmonary vein location for 
30 forming the conduction block, blood perfusion from the pulmonary vein into the 
atrium may be provided during balloon inflation, as shown in FIG. 12C. 

Thereafter a further variation shown provides a proximal extension of lumen 
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518 along catheter 510 allows replacement of the guidewire 530 back through the 
catheter 510 for further "over the wire" use, such as for forming conduction block in a 
subsequent region of tissue where another pulmonary vein extends from the atrium. 
A resultant, illustrative conduction block 540 is formed with the material delivered 

5 along circumferential band 514, as shown in partially cross-sectioned view in FIG. 
12D. This patterned block 540 may be illustrative of a complete circumferential 
pattern for the conduction block, or may be arcuate over only a portion of the 
circumference where shown. Further to that FIG. 12D, the guidewire 530 is further 
shown extended into a subsequent pulmonary vein for the next conduction block 

10 procedure where it extends from the atrium, if so desired. 

For still further illustration, FIG. 13A shows delivery catheter 550 as a modified 
form of catheter 510 shown in FIG. 12A, with a balloon 552 having in one regard a 
circumferential band 552 spanning a larger width for material delivery over the 
circumferential pattern. This provides a more extensive conduction block 542 (FIG. 

15 13B) than according to the previous variation, covering tissue at ostium 560, as well 
as in a circumferential region of tissue above ostium 560 within the pulmonary vein, 
and circumferential region on the other side of ostium 560 immediately surrounding 
the ostium 560. Again, this may be completely circumferential, or arcuate over only 
a portion of the circumference, as desired for the particular arrhythmia treatment. 

20 Or, the device and/or method may be modified to provide the circumferential 

conduction block at only certain of these regions sufficient to isolate or cure a focus 
of arrhythmia. 

Still further examples are provided by reference to FIGS. 14A-C which 
respectively modify certain systems and methods disclosed in U.S. Patent Number 
25 5,971 ,983 to Lesh to deliver material for forming elongated, e.g. substantially linear 
or curvilinear, conduction blocks in a procedure similar to a modified "Cox-Maze" 
type method of forming an integrated network of conduction block segments to 
compartmentalize the posterior left atrial wall, and in particular the region bound by 
the pulmonary veins. 

30 More specifically, a source of material 520 is coupled to a delivery catheter 

610 that is delivered transeptally through a lumen 504 of a transeptal delivery sheath 
502 and over two guidewires 630,632 in a manner adapted to drape catheter 510 
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between two adjacent pulmonary vein ostia 660,662, respectively engaged by those 
guidewires 630,632. A balloon 612 is coupled to inflation source 606, but contrary to 
other previous embodiments above functions primarily as an anchor to engage a 
pulmonary vein above ostium 662 and stabilizes delivery catheter 610 in position 

5 during delivery of material to form the conduction block. As shown before, guidew.re 
632 is shown withdrawn after delivery of the delivery catheter into the respective 
pulmonary vein in order to provide perfusion via guidewire lumen 618 while balloon 
612 is inflated. However, as before, such perfusion capability may not be requ.red, 
or may be suitable over the guidewire through the lumen without requiring prox.mal 

10 withdrawal. 

According to this assembly, an elongated patterned region 614 extending 
between pulmonary vein ostia 660,662 is adapted to deliver material according to the 
Invention from source 520 along that pattern to form a conduction block there. 
Bands are designated along toe region 614 to schematically illustrate for example 
15 where a pluralfiy of spaced needle iniectors may be located to provide the patterned 
conduction block. Other regions are shown to also include such schematic bands, 
and may also be adapted to deliver material for conduction block formation. 

A more advanced mode of forming the modified W type of conduction 
block pattern is shown in FIG. MB after forming conduction blocks between 
20 pulmonary vein ostia 660,662, and between ostia 660,664, and between osba 

662 666 A further conduction block is shown between lower left ostium 666 and the 
mftral valve annulus to provkte termination at a non-conducfive structure to close the 
,oo P from otherwise pro-arrhythmia affects that could resufi In the atrium via . 
circular reentrant pathway around toe pulmonary veins. FIG. MB further illustrates ,n 
25 shadow delivery of material via the coronary sinus, a mode illustrate of 

avascular delivery modes and devices according to farther variations of toe 
invention. A reference device may be placed in a pulmonary vein which may be 
used to assist in positioning toe comnary sinus delivery catheter, as shown 
schemafically wfihin osfium 664 in FIG. MB. in any even, , a further modified overall 
30 pattern of conduction block is further shown in FIG. MC, which may be formed ,n 
Ly varied specific modes than those spacffically disclosed here for simpkcrty of 
Illustration without departing from the intended scope of toe invenfion. 
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Notwithstanding the substantial benefit that may be gained from such 
specialized tools and techniques to meet particular needs, it is to be considered that 
such particular adaptations for forming non-ablative conduction blocks, or otherwise 
conducting cell therapy for treating or preventing cardiac arrhythmias, are not to be 
considered limiting to the various broad aspects of the present invention. 

EXAMPLES 

The following is a summary of certain specific examples of experiments that 
have been conducted and is being provided in order to provide a further 
understanding of various aspects of the present invention as described by reference 
to the Summary of the Invention and embodiments described above, and by further 
reference to the Figures in general. 

EXAMPLE 1 

Coupling requirements for successful impulse propagation with skeletal 
myocytes transplanted in myocardium have been determined by computer modeling 
as follows in order to determine whether transplanted myocytes can propagate 
electrical impulses within the myocardium. 

The methods according to this example use computer modeling, which 
constructed theoretical strands of skeletal and mixed skeletal and ventricular 
myocytes. The ventricular cells were an adaptation of the dynamic Luo Rudy 
ventricular cell formulation. 

Results according to this computer modeling study were as follows. In the 
mixed strand model, cardiac to skeletal coupling requirements were similar to 
cardiac-cardiac requirements. In contrast, skeletal to cardiac propagation failed at 
300 nS, consistent with the need for a high degree of coupling. According to these 
results, conditions which decrease intercellular coupling appear to have a marked 
decrease on transmission between transplanted skeletal cells and the adjoining 
myocardium. Such effect has been observed to present risk of highly deleterious 
results when treating hearts in normal sinus rhythm, as the normal propagation of 
conduction may be dismantled. 

However, the present invention contemplates localized use of such 
transplanted skeletal cells into areas of cardiac cells where conduction is irregular, 
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such as re-entrant arrhythmia pathways. In this unique setting and environment of 
use, the decreased transmission of conduction arising from injecting cells of this or 
similar type into the cardiac tissues along such arrhythmia pathways becomes a 
potent mode for blocking and thus treating such related arrhythmias. 

EXAMPLE 2 

To assess the electrophysiologic consequences of skeletal muscle 
transplantation into the myocardium, an in vivo model was used to assess cardiac 
conduction. The feasibility of gene transfer to specific areas of the cardiac 
conduction system has been previously demonstrated (Lee etal. 1198 PACE 21-11: 
606- Gallinghouse ef al. November 1996 Am Heart Assoc.; U.S. Patent No. 
6 059 726). For example, the highly efficient and specifically localized expression of 
recombinant beta galactosidase in the AV node of rats and pigs has been described. 
The accuracy and reproducibility of AV nodal injections has been validated by the 
production of AV block in rats (Lee et al. 1998 J Appl Physiol. 85(2): 758-763). As an 
electrically insulated conduit for electrical transmission between the atrium and the 
ventricle, the AV conduction axis is in a strategic position for the study of cardiac 
electrophysiology. 

To observe the effect of skeletal muscle transplantation on conducts and in 
particular regarding the electrophysiologic properties of AV nodes, a rat model for AV 
node injections was utilized (Lee ef a/. 1998 J Appl Physiol. 85(2): 758-763). 
Animals were chemically denervated (using atropine and propranolol to .nh.brt the 
influence of autonomic nervous system) and studied with right atria, overdrive pacing 
and atrial programmed extra-stimulation, both pre-injection and at the time of 
sacrifice Surface ECG PR intervals were measured, together with AV nodal block 
cycle length (AVBCL) (the rate at which AV conduction becomes sequentially longer, 
then fails to conduct) and effective refractory period (ERP) (the coupling interval at 
which an atrial extrastimu.us fails to conduct through the AV node). A single injection 
of skeletal myoblasts (1 x 10 5 , 1 5 ul) or vehicle was injected into the AVN of rats 

, " ' Electrophysiologic properties of the AV junction were significantly altered in 
animals with transplantation of skeletal myoblasts. Significant alterations in the 
Wenkebach cycle length (70.0 ± 4.4 vs 57.0 ± 5.0 msec; p < 0.01) and AV nodal 
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refractory period (1 13.8 ± 5.6 vs 87.0 ± 6.2 msec; p < 0.005) were recorded in the 
skeletal myoblast injected rats as compared to control animals. Histological 
examination of the AVN revealed that approximately 10% of the AVN was involved 
with minimal to no inflammation. Histologically the AV conduction axis appeared 
normal in control vehicle injections. Interestingly, the PR interval did not significantly 
change, reflecting the insensitivity of surface EKG markers for cardiac conduction 
properties. 

These results add further evidence that transplanted skeletal myoblasts (even 
when involving a small portion of the AVN) alters cardiac conduction and may lead to 
areas of slow conduction or conduction block. Therefore, as the skeletal myoblasts 
differentiate into myotubes and lose their ability to form gap junctions, the ability to 
propagate electrical impulses decrease. 

Such loss of electrical impulse propagation, e.g. via gap junction loss as just 
demonstrated in this study, has been previously suggested to represent an adverse 
outcome to the desired result of treating damaged cardiac tissue via cell therapy by 
increasing conductivity and/or contractility. In particular with respect to AV node 
treatments previously posited, such decrease on electrical propagation to the extent 
of forming conduction blocks has not been previously suggested to be a desired 
result. 

However, the present invention contemplates localized use of such 
transplanted skeletal cells into areas of cardiac cells where conduction is irregular, 
such as re-entrant arrhythmia pathways. In this unique setting and environment of 
use, the decreased transmission of conduction arising from injecting cells of this or 
similar type into the cardiac tissues along such arrhythmia pathways becomes a 
potent mode for blocking and thus treating such related arrhythmias. 



In this study skeletal muscle was chosen as a test form of cell therapy for 
transplantation into the myocardium in arrhythmic animals to observe for 
antiarrhythmic effects. 

The materials and methods used according to this study were as follows. 
Neonatal skeletal myoblasts were isolated as previously described by enzymatic 
dispersion from 2-5 days old Sprague Dawley neonatal rats and cultured as 
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previously described (Rando.T., and Blau, H. M. (1994), J. Cell Biol. 125, 1275- 
1287). After isolation, cells were cultured with growth medium (GM) (80% F-10 
medium (GIBCO BRL), 20% FBS (HyClone Laboratories, Inc.), penicillin G 100U/ml 
and streptomycin 100ug/ml,bFGF 2.5ng/ml(human, Promega Corp)). Skeletal 
myoblasts were maintained in GM medium in humidified 95% air and 5% CO2 until 
used for transplantation. 

Sprague-Dawley rats underwent 30 minutes of left coronary artery occlusion 
and 2 hours of reperfusion. One week following the creation of a myocardial 
infarction (Ml) the rats were divided into two groups. Group 1 (n=7) received two 
injections (25 ul/injection) of vehicle control (PBS with 0.5% BSA) and Group 2 (n=5) 
received two injections (25 ul/injection) of rat skeletal myoblasts (total amount of 
cells: 5 x 10 6 ). A third group of animals (Group 3) was added. Group 3 animals 
underwent the transplantation of skeletal myoblasts (1 .5 x 10 6 ) without an Ml. 
Animals were survived. 5-6 weeks post-MI/cell injection, rats underwent 
programmed ventricular stimulation and ventricular fibrillation threshold testing. 
Following the completion of the pacing protocols, rat hearts were harvested for 
histology. 

For this particular illustrative experiment, we use a 30 gauge needle to inject 
the cells in a single injection via a thoracotamy with direct vision of the heart. The 
location of injection was based upon results of a previous study, wherein another 
group of animals underwent 30 minutes of left coronary artery occlusion and 2 hours 
of reperfusion. After 5-6 weeks, the animals were sacrificed and the hearts isolated 
and perfused in a Langendorf preparation. Optical mapping was performed which 
demonstrated a re-entry circuit following the induction of ventricular tachycardia. The 
location of cell injections for the present study thus was chosen to include the border 
zone to interrupt such re-entry circuit. 

Before sacrifice, ventricular programmed stimulation was performed by 
applying the pacing electrode on the right ventricle. The pacing protocol consisted of 
pacing the right ventricle with a train of 8 beats (cycle length of 140 ms) with up to 
three extra stimuli. Sustained ventricular tachycardia (VT) was defined as VT 
persisting more than 10 seconds and requiring cardioversion to sinus rhythm. Non- 
sustained VT (NSVT) was defined as lasting less than 10 seconds and self-limited. 
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Ventricular fibrillation thresholds (VFT) were obtained by placing the pacing 
electrode on the right ventricle. Burst pacing (50/sec for 2 sec) was applied and 
intensified by 0.1 mA each time using a Stimulator (Model DTU, Bloom Associates, 
LTD, Reading, PA). The average threshold of VF from three parts of the right 
5 ventricle was used as the electrical intensity which induced VF. 

Observation of the test subjects yielded the following results shown in Tables 
1 and 2: 



Table 1: Myoblast Transplantation Effects on VT 





NSVT VT 


No VT 


Group 1 (Ml + vehicle) 


1 6 


0 


Group 2 (Ml + myoblasts) 


2 0 


3 


Group 3 (No Ml + myoblasts) 


0 0 


4 


Table 2: Myoblast Transplantation Effects on VFT 


VFT (mA) 


Group 1 (Ml + vehicle) 


1.2 ±0.7 




Group 2 (myoblasts) 


3.3 ±1.8 





Conduction block was inferentially observed as the optical mapping studies 
demonstrated a re-entry pattern and the cell delivery prevented sustained VT. 
According to the foregoing observations and results of this study, 
15 transplantation of skeletal myoblasts into ventricle wall tissue completely prevent 
sustainable VT in all subjects receiving the cell therapy. In another regard, 
transplantation of skeletal myoblasts increases the amount of energy required to 
induce VF versus untreated myocardium. Accordingly, transplantation of myoblasts 
into cardiac tissue of the ventricle wall provides a potent anti-arrhythmic effect on 
20 such tissue. Moreover, the myoblast injections into regions associated with reentry 
circuits demonstrated anti-arrhythmic effects attributable to conduction block. 

The observations, results, and conclusions related to the foregoing study are 
considered exemplary of cell therapy in general as a potent agent for preventing and 
treating arrhythmia, and more specifically creating conduction blocks without ablating 
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tissue. Skeletal myoblasts were used as the chosen test sample, and are 
considered a highly beneficial mode according to the present invention as shown in 
this study. However, as mentioned above, such use of myoblasts are considered 
illustrative of a class of cells whose introduction into the cardiac tissue structures 
intervenes sufficiently to arrhythmic conduction pathways to either create a block or 
slow the transduction sufficient to reduce the overall effect on sinus rhythm. Such 
class includes for example other suitable substitute types of cells for providing similar 
therapy or prophylaxis of cardiac arrhythmias, such as for example stem cells or 
fibroblasts. Accordingly, in particular with regard to previous cell therapy disclosures 
intended to primarily increase cardiac conduction such as by modifying activity of 
cells being delivered, the invention should be considered to broadly encompass cell 
therapy adapted to block conduction of arrhythmias in tissues associated with 
cardiac chambers. 

Moreover, ventricular arrhythmias were used as the chosen test environment 
to observe for such anti-arrhythmic effects. Accordingly, a highly beneficial method 
for treating ventricular arrhythmias, and in particular ventricular fibrillation and 
tachycardia, has been shown and is considered a beneficial aspect of the invention. 
However, it is further contemplated that such use is also illustrative of modes for 
treating arrhythmias in general, and other suitable substitute treatment modalities 
using cell therapy are contemplated. For example, arrhythmias of either or both 
ventricles may be treated or prevented using such cell therapy techniques. Still 
further, atrial arrhythmias such as atrial fibrillation may be treated or prevented. In 
general, the ability to use cell transplantation to block arrhythmic conduction 
pathways as illustrated in this present Example is considered applicable to such 
pathways of any or all the chambers. 

Notwithstanding the foregoing, each cell type is considered unique and is 
therefore believed to provide particular aspects to be accounted for during use. 

EXAMPLE 4 

In this study, fibroblasts were used according to various aspects of the 
invention to obsen/e the effects of their transplantation into cardiac tissue on cardiac 
arrhythmias. 

The purpose of the study is to confirm that fibroblast transplantation into the 
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myocardium effects myocardial remodeling and acts as an anti-arrhythmic agent in 
preventing ventricular tachycardia. 

Dermal fibroblasts were prepared from the skin of fetal Fisher rats. Tissue 
fragments were digested for 30 minutes in 0.2 U/mL collagenase solution before 
being plated on collagen-coated dishes in DMEM with 10% FBS and Pen-Strep. The 
cells were grown at 37°C in 5% C0 2 and passaged upon reaching -70% confluence, 
up to the fourth passage. Fibroblasts were selected using a differential adhesion 
method, where the mixed cell population was incubated for 15 minutes in culture 
conditions, during which time fibroblasts adhered to the culture plate and myoblasts 
remained in suspension to be replaced by fresh culture medium. 

To verify purity of the fibroblast culture, immunohistochemistry was performed 
using antibodies to vimentin (1:20 dilution), an intermediate filament present in both 
myoblasts and fibroblasts, and desmin (1:100 dilution), a muscle-specific protein. 
Cell suspensions from fibroblast cultures were pipetted into chamber slides and cells 
were allowed to attach and spread overnight. They were fixed with 2% 
paraformaldehyde for 5 minutes, then 100% methanol at 0 degrees C for another 5 
minutes. After several PBS rinses and staining buffer blocking, the primary 
antibodies were added to separate chambers for one hour. (A pure myoblast culture 
was also used for a positive control for anti-desmin.) Secondary antibodies used 
were Cy3-conjugated anti-rabbit IgG (1:500 dilution) for the anti-desmin stains, and 
Cy3-conjugated anti-mouse IgG (1:200 dilution) for the anti-vimentin stains. 

Fisher rats were subjected to 30 minutes of left coronary artery occlusion and 
2 hours of reperfusion. One week following the creation of a myocardial infarction 
(Ml) the rats were divided into two groups. Group 1 (n=8) received two injections (25 
ul/injection) of vehicle control (PBS with 0.5% BSA) and Group 2 (n=8) received two 
injections (25 ul/injection) of rat fibroblasts (total amount of cells: 5 x 10 6 ). A dose 
response was performed with at least 2 other doses of fibroblasts. Fibroblasts were 
isolated from a skin biopsy, amplified and reinjected into the rat from which the 
biopsy was taken thus avoiding rejection. Fibroblasts were stained with marker dyes 
such as CFDA-SE or transfected with B-galactosidase to identify transplanted 
fibrobalsts from cardiac fibroblasts. A third group of animals (Group 3, n=8) received 
transplantation of fibroblasts (1.5 x 10 6 ) without an Ml. Animals were survived and 
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underwent echocardiography at week 1 and week 5. 5-6 weeks post-MI/cell 
injection, rats received programmed ventricular stimulation and ventricular fibrillation 
threshold testing. Following the completion of the pacing protocols, rat hearts were 
harvested for histology. Ml size and distribution of transplanted fibroblast were 
determined by histological examination. 

Ventricular programmed stimulation was performed by applying the pacing 
electrode on the right ventricle. The pacing protocol consisted of pacing the right 
ventricle with a train of 8 beats (cycle length of 140 ms) with up to three extrastimuli. 
Sustained ventricular tachycardia (VT) was defined as VT persisting more than 1 0 
seconds and requiring cardioversion to sinus rhythm. Non-sustained VT (NSVT) was 
defined as lasting less than 10 seconds and self-limited. 

Ventricular fibrillation thresholds (VFT) were obtained by placing the pacing 
electrode on the right ventricle. Burst pacing (50/sec for 2 sec) was applied and 
intensified by 0.1 mA each time using a Stimulator (Model DTU, Bloom Associates, 
LTD, Reading, PA). The average threshold of VF from three parts of the right 
ventricle were used as the electrical intensity which induced VF. 

According to initial results per this protocol above, five (5) rats had no 
inducible VT, with average ventricular fibrillation threshold equal to 5.5 mA. 
However, in contrast to previous experiments of the Examples 2-3 above, this study 
only had 3 control animals which did not have inducible VT. In one regard, in 
contrast to the other studies above, this study used a different strain of rats. 

Despite the absence of a useable control in this study showing unique results 
between the groups, it is believed that conduction blocks were formed by the 
fibroblasts in the treatment group rats based upon: (i) the myoblast experience of the 
prior examples above, (ii) per a further understanding of fibroblast activity as noted 
above and (Hi) in consideration of the results in this study showing no sustainable VT 
in treatment group rats. Confirmation of such belief merely requires reproducing 
such study in a manner yielding a better control (e.g. in a different animal stra.n). 

EXAMPLE 5 

j The purpose of this study was to further confirm effects of fibroblast therapy 

on ventricular arrhythmogenicity in a rat model of ischemia-reperfusion, and more 
specifically confirm that fibroblast transplantation into the myocardium acts as an 
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antiarrhythmic agent in preventing ventricular tachycardia. 

Tissue engineering techniques utilizing skeletal myoblast transplantation for 
myocardial repair has gained increased attention with the demonstration that skeletal 
myoblasts survive and form contractile myofibers in normal and injured myocardium. 
However, the emphasis of myocardial repair has focused on the preservation of 
myocardial contractility with little attention given to the effects of tissue engineering 
on cardiac conduction or arrhythmogenesis. 

Fibroblasts' electrophysiological properties are fairly consistent from one 
fibroblast to the next. Therefore, when fibroblasts are used to block VT, a higher 
degree of certainty exists that the same response will result from one batch/injection 
to the next. According to the foregoing, fibroblast transplantation into cardiac tissue 
structures should block conduction in a repeatable and predictable fashion. In 
contrast, skeletal muscle transplantation generally involves initial injection as 
myoblasts that differentiate into myotubes and myofibers which have significantly 
different conduction properties. Additionally, depending on how old the myoblasts 
are, they can vary in conduction properties. Therefore, following the injection of 
myoblasts, a heterogeneous milieu of cells may result in certain instances which may 
not provide the insulation properties desired for an effective conduction block. 
Nevertheless, myoblast therapy has been shown to generally provide effective anti- 
arrhythmic properties and an effective conduction block technique that is believed to 
be effective in many if not most cases. It is thus believed that, notwithstanding 
beneficial results observed with myoblast transplantation for forming conduction 
blocks, fibroblasts are believed to be particularly beneficial in certain regards. 

According to this study, Fisher rats underwent 30 minutes of left coronary 
artery occlusion and 2 hours of reperfusion. One week following the creation of a 
myocardial infarction (Ml) the rats were divided into two groups. Group 1(n=14) 
received two injections (25 ul/injection) of vehicle control (PBS with 0.5% BSA) and 
Group 2 (n=1 1) received two injections (25 ul/injection) of rat fibroblasts (total 
amount of cells: 5 x 10 6 ). 5-6 weeks cell injection, rats underwent programmed 
ventricular stimulation and ventricular fibrillation threshold testing. 

Ventricular programmed stimulation was performed by applying the pacing 
electrode on the right ventricle. The pacing protocol consisted of pacing the right 
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ventricle with a train of 8 beats (cycle length of 140 ms) with up to three extrastimuli. 

Sustained ventricular tachycardia (VT) was defined as VT persisting more than 10 

seconds and requiring cardioversion to sinus rhythm. Non-sustained VT (NSVT) was 

defined as lasting less than 10 seconds and self-limited. 

Ventricular fibrillation thresholds (VFT) was obtained by placing the pacing 

electrode on the right ventricle. Burst pacing (50/sec for 2 sec) was applied and 
intensified by 0.1 mA each time using a Stimulator (Model DTU, Bloom Associates, 
LTD, Reading, PA). The average threshold of VF from three parts 'of the right 
ventricle will be used as the electrical intensity which induced VF. 

Table 3: Fibroblast Transplantation Effects on VT 





total 
number 


sustained 

VT 


unsustained VT or no VT 


Fibroblast group 


11 


4 


7 


BSA group 


14 


13 


1 



P value (Chi Square test) < 0.003 

Table 4: Fibroblast Transplantation Effects on VFT 





total number VF threshold (mA) 


Fibroblast group 


i1 3.76 + 1.5 


BSA group 


14 1.70 ±1.4 



P value (T-test) < 0.002 

According to the results observed and summarized in Tables 3 and 4 
immediately above, fibroblast transplantation into a ventricle wall prevents ventricular 
tachycardia and increases the ventricular fibrillation threshold (in other words, it takes 
more energy to induce ventricular fibrillation). 

It is to be further noted that two animals using the above protocol (ligation of 
the LAD to produce myocardial infarction) also underwent the injection of fibrin with 
fibroblasts. 5 weeks after the injection, programmed electrical stimulation was 
performed. No VT was induced. This preliminary result suggests that fibrin with 
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fibroblasts can prevent ventricular arrhythmias. 

EXAMPLE 6 

In this study, the effects of injecting fibrin glue, an injectable biopolymer, into 
cardiac tissue structures were examined, with particular respect to providing an 
internal support and scaffold and whether it could improve cardiac function and 
increase infarct wall thickness following Ml. Based upon such observations, further 
use in forming conduction blocks was explored. 

A previously described rat ischemia reperfusion model was used in this study. 
Female Sprague-Dawley Rats (225-250 g) were anesthetized with ketamine (90 
mg/kg) and xylazine (10 mg/kg). Under sterile technique, the rats were placed in 
supine position and the chest was cleaned and shaved. The chest was opened by 
performing a median sternotomy. Keeping the landmarks of the base of the left 
atrium and the interventricular groove in view, a single stitch of 7-0 Ticron suture was 
placed through the myocardium at a depth slightly greater than the perceived level of 
the left anterior descending portion (LAD) of the left coronary artery while taking care 
not to enter the ventricular chamber. The suture was tightened to occlude the LAD 
for 17 minutes and then removed to allow for reperfusion. The chest was then closed 
and the animal was allowed to recover for 1 week. 

Myoblasts from the hind limb muscle of Sprague-Dawley neonatal rats (2-5 
days old) were isolated and purified according to the following described procedure. 
Briefly, the hind limb was harvested under Phosphate buffered saline (PBS)- 
Penicillin/ Streptomycin (PCN/Strep) and mechanically minced. The tissue was 
enzymatically dissociated with dispase and collagenase (Worthington) in Dulbecco's 
PBS (Sigma) for 45 minutes at 37 °C. The resulting suspension was then passed 
through an 80 urn filter and the cells were collected by centrifugation. The cells were 
preplated for 1 0 minutes in order to isolate myoblasts from fibroblasts. The myoblast 
suspension was transferred to a collagen coated 100 mm polystyrene tissue culture 
dish (Coming Inc) and allowed to proliferate in growth media (80% Ham's F10C 
media, 20% fetal bovine serum, 1% PCN/Strep, 2.5 ng/ml recombinant human basic 
fibroblast growth factor) at 37 °C in a humidified atmosphere of 95% air plus 5% 
C0 2 . Cultures were allowed to reach a confluency of 70-75 % and passaged every 
3-4 days (1:4 split). 
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The fibrin glue used in this study was the commercially available Tisseel VH 
fibrin sealant (commercially available from Baxter). It is a two component system 
which remains liquid for several seconds before solidifying into a solid gel matrix. 
The first component consists of concentrated fibrinogen and aprotinin, a fibrinolysis 
inhibitor. The second is a mixture of Thrombin and CaCI 2 . It is delivered through the 
supplied Duploject applicator, which holds the two components in separate synnges, 
respectively, and provides simultaneous mixing and delivery (as shown stepwise 
schematically in FIG. 1 5). The ratio of fibrinogen to thrombin components was 1:1. 

Approximately 1 week after Ml. either 0.5% bovine serum albumin (BSA) in 50 
microliter PBS (control group), 50 microliter fibrin glue, 5 x 10 6 myoblasts in 50 
microliter 0.5% BSA, or 5 x 10 6 myoblasts in 50 microliters fibrin glue was injected 
into the ischemic LV. Under sterile technique, the rats were anesthetized and the 
abdomen was opened from the xiphoid process to a left subaxillar level along the 
lower rib The LV apex was exposed via a subdiaphragmatic incision, leaving the 
chest wall and sternum intact. Rats were randomized to either control or treatment 
groups and injections were made through a 30-guage needle into the ischem.c LV. 
In the cells group, 5 x 10 6 myoblasts were suspended in 50 microliter 0.5% BSA and 
injected into the myocardium. In the cells in fibrin group, 5 x 10 6 myoblasts were 
suspended in 25 microliter of the thrombin component of the fibrin glue. The 
thrombin-cell mixture was simultaneously injected into the myocardium with 25 
microliter of the fibrinogen component (Figure 1 5). 25 microliter thrombin and 25 
microliter fibrinogen was simultaneously injected into ischemic myocard.um ,n the 
fibrin group. The diaphragm was sutured closed after suction of the chest cavrty and 
the abdomen was subsequently closed. 

Transthoracic echocardiography was performed on all animals in conscious 
state approximately one week after Ml (baseline echocardiogram), followed by 
control or treatment injections 1-2 days later. Then a follow-up echocardiogram was 
performed approximately 4 weeks later. The methodology of echocardiography used 
in this laboratory has been previously described. Other reports have demonstrated 
) the accuracy and reproducibility of transthoracic echocardiography in rats w.th 

myocardial infarcts. 

Briefly, the animals were shaved and placed in plastic DecapiCone restra.ners 
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(Braintree Scientific Inc.) in conscious state. A layer of acoustic coupling gel was 
applied to the thorax. Then the animal was placed in a prone or slightly lateral 
decubitus position. Echocardiography was performed using a 15-MHz linear array 
transducer system (Acuson Sequoia c256, Mountain View, CA). Care was taken to 
avoid excessive pressure on thorax, which could induce bradycardia. Two- 
dimensional images were obtained in both parasternal long and short axis views (at 
the papillary muscle level). Enhanced resolution imaging function (RES) was 
activated with a region of interest adjusted to heart size whenever possible. The gain 
was set for best imaging, and the compression was set at 70 dB. The images were 
acquired digitally and stored on magneto-optical disk (SONY EDM-230C). 

Two criteria were used for imaging according to this particular experiment 
model. First, the short-axis view was given the criteria to demonstrate at least 80% 
of the endocardial and epicardial border. Second, the long-axis view was given the 
criteria to demonstrate the plane of mitral valve, where the annulus and the apex 
could be visualized. After adequate two-dimensional images were obtained, the M- 
mode cursor was positioned perpendicular to the ventricular anteroseptal wall (at the 
site of infarct) and the posterior wall, at the level of the papillary muscles. Wall 
thickness and left ventricular internal dimensions were measured according to the 
leading edge method of the American Society of Echocardiography. Fractional 
shortening (FS) as a measure of systolic function was calculated as FS (%) = 
[(LVIDd - LVIDs)/LVIDd] x 100%, where LVID was the left ventricular internal 
dimension, d was diastole and s was systole. An echocardiographer blinded to the 
treatment group acquired the images and performed the data analysis. The 
accuracy and reproducibility of the technique have been reported in a previous study 

from this laboratory. 

Approximately 4 weeks following the injection surgeries, the rats were 
euthanized with a pentobarbital overdose (200 mg/kg). The hearts were rapidly 
excised and fresh frozen in Tissue Tek O.C.T. freezing medium. They were then 
sectioned into 5 micron slices and stained with hematoxylin and eosin (H&E). A 
subset of hearts from the cells group and cells in fibrin glue group were stained with 
the MY-32 clone (Sigma), which is directed against the skeletal fast isoform of 
myosin heavy chain (MHC), in order to label transplanted cells. A Cy-3 conjugated 



-44- 



WO 03/094855 W ^^>CT/US03/14880 

anti-mouse secondary antibody (Sigma) was used to visualize labeled cells. One 
250 microliter sample of fibrin glue was also fresh frozen, sectioned into 5 micron 

slices and stained with H&E. 

Data is presented as mean ± standard deviation. The rat myocardial 
infarction model has been generally observed to have a high degree of variability, 
thus internal controls are implemented in order to evaluate treatment effects. 
Differences of fractional shortening and infarct wall thickness between 
measurements before and after injection were compared using a 2 tailed paired t 
test. Such differences were compared across treatment group using a one-way 
ANOVA with Bonferroni adjustment. Measurements after injection were also 
compared between groups using a one-way ANOVA with Bonferroni adjustment. 
Significance was accepted at P< 0.05. 

A total of 41 rats were used in this study. Six rats died during or immediately 
following the infarct surgery while one rat died during the injection surgery (cells in 
fibrin glue group). Post-injection surgery, there was 100 % survival in all groups. 
Final echocardiography measurements were performed on 34 rats. The control 
group (n=7) was injected with 0.5 % BSA, the fibrin group (n=6) was injected with 
fibrin glue, the cells group (n=6) was injected wfth 5 * 10 6 myoblasts, and the cells .n 
fibrin group (n=5) was injected with 5 x 10 6 myoblasts in fibrin glue. 

Echocardiography measurements were collected approximately one week 
post-MI (prior to injection surgery) and approximately four weeks following the 
injection surgery in order to determine the effects of fibrin glue, myoblasts, and a 
combination of the two on LV function and infarct wall thickness. Results are 
provided in the following Table 5: 
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Table 5: Echocardiography Data 





Before 
Injection 


4 Weeks Post- 
Injection 


P 


Fractional shortening, % 








Control arouD 


45±8 


22+6 


0.0005 


Fibrin group 


26±5 


23±8 


0.18 


Cells group 


29±14 


28±2 


0.89 


Cells in fibrin group 


42±10 


33±6 I 


0.19 


Infarct wall thickness, cm 








Control arouD 


0.29±0.08 


0.24±0.04 


0.02 


Fibrin group 


0.26±0.04 


0.23±0.06 


0.40 


Cells group 


0.30±0.08 


0.26±0.06 


0.44 


Cells In fibrin group 


0.30±0.04 


0.32±0.02 


0.43 



As typical of post-MI progression, the control group exhibited a deterioration of 
LV function and thinning of the infarct wall. After four weeks there was significant 

5 deterioration in FS (P = 0.0005) as well as a significant decrease in infarct wall 
thickness (P = 0.02) (Table 5, control group). 

In contrast, injection of fibrin glue alone, myoblasts alone, and myoblasts in 
fibrin glue resulted in the preservation of FS and infarct wall thickness. FS for the 
fibrin group, cells group, and cells in fibrin group did not significantly decrease by P- 

10 values of 0.18, 0.89, and 0.19 respectively (Table 5). In addition, there was no 

significant difference in infarct wall thickness for all treatment groups (P = 0.40, 0.44, 
0.43 respectively) (Table 5). Differences between before injection and post-injection 
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central (P = 0.009) and fibrin flraups (P = 0.04); however, due to the htf> degree 
e m o„ g ilrcts as previous, stated, » ,s mora meaningful to use data 

comparing internal controls. 

Fibrin glue is generally observed to form a toil and porou 

'"^glue though h^beneW, according to the embodiments o.fhe 

Fibrin giue.xnoua a iiiustrativo of other materials of 

audy herein disclosed, is a biopolymer and »usrs *-n^ 
30 similar composition or function in the emnronment of use that m 
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enzymatically cleaves fibrinogen which alters the charge and conformation of the 
molecule, forming a fibrin monomer. The fibrin monomers then proceed to 
aggregate forming the biopolymer fibrin. Fibrin is highly involved in wound healing in 
the body and in conjunction with platelets, is the basis of a clot. No adverse 
reactions were observed upon injection into the myocardium, including no delivery of 
clot to or from the heart. Fibrin is resorbed by enzymatic and phagocytic pathways, 
thus it was expected that no traces of fibrin would remain four weeks post-injection. 

The results of the present study indicate that fibrin glue is useful as a support 
and/or tissue engineering scaffold to prevent LV remodeling and improve cardiac 
function following Ml. Injection of fibrin glue alone as well as injection of skeletal 
myoblasts in fibrin glue attenuated any decrease in infarct wall thickness and 
fractional shortening following Ml in rats. In accordance with other studies, we also 
found that injection of skeletal myoblasts alone was able to prevent negative 
remodeling of the infarcted LV and deterioration of LV function. Although the exact 
mechanism by which myoblasts preserve LV function is unknown, it is unlikely that it 
is from active force generation during systole since implanted myoblasts do not form 
gap junction with surrounding cardiomyocytes. It is believed that the attenuation of 
negative left ventricular remodeling by the myoblasts is the mechanism that 
preserves cardiac function. The myoblasts may serve as a wall support by 
increasing stiffness, or may simply affect remodeling by increasing wall thickness. 
The data according to this study further supports this. Injection of fibrin glue alone 
did not produce statistically different results from the injection of skeletal myoblasts, 
thus suggesting that the mechanism of action of the myoblasts is by preserving wall 
thickness and preventing deleterious ventricular remodeling, not from active force 
generation. 

A recent study disclosed use of a polymer mesh for the intended purpose of 
acting as an external support to prevent LV dilation. Fibrin glue may act as an 
internal support to preserve cardiac function. During the initial stage in Ml, matrix 
metalloproteases are upregulated which results in degradation of the extracellular 
matrix (ECM). This ECM degradation leads to weakening of the infarct wall and 
slippage of the myocytes leading to LV aneurysm. In addition, it has been disclosed 
that negative ventricular remodeling continues until the tensile strength of the 
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collagen soar strengthens the infarct wall. By administering fibrin glue dunng the 
initial stage of an infarct, It may prevent remodeling by increasing the mecharacal 
strength of the infarct before the collagen scar has had to time to fully develop. 
Furthermore, fibrin glue adheres to various substrates including collagen and cell 
5 surface receptors (predominately integrins) through covalent bonds, hydrogen and 
other electrostatic bonds, and mechanical interiocking. Therefore, K may prevent 
myocyte slippage and subsequent aneurysm by binding to the neighboring normal 
myocardium. Finally, injection of fibrin glue is also believed to result ,n an 
upregulation or release of certain growth factors such as angiogenic growth factors 
io which may improve cardiac function. 

,n addition to providing an internal support, according to the data of th,s study 
t is believed that fibrin is useful as a tissue engineering scaffold in the myocardium, 
injection of myoblasts in fibrin glue prevented infarct wall thinning and preserved 
cardiac funcflon. The wall thickness of this group was also significantly greater than 
,5 thatofothergroups. Several prevtous publicaflons have dlscfesed delivenng a 

variety of cell types including keratinocytes, fibroblasts, chondmcytes, urothelial cells, 
and corneal epithelial cells in a fibrin glue scaffold. The results according to the 
preS ent study also indicate that fibrin glue Is capable of delivering viable cells to the 
myocardium. Although it unlikely that unmodified skeletal myoblasts improve 
20 contract, other eel, types including rata, cardlomyocytes and adult bone manow 
stem calls, which produce gap juncttons in recipient hearts, could be delivered to he 
myocardium In florin glue with the aims of improving both contractility and prevenflng 

^tnler previous disclosura used a tissue engineering approach by delivering 
25 fetal cardlomyocytes in alginate scaffolds to the surface of the myocardium and 
reported presentation of cardiac funcUon. Their results were most likely due to toe 
transplantation of fetal cardiomyocytes and not to the external support of the scaffold 
due to its small size compared to the LV. The benefit of using flbrin glue as a 
scaffold is that it is injectable, thus requiring only a minimally invasive procedure ,n 
30 humans. In addition, the cells are delivered directly into the infarcted tissue msfead 
of simply on the epicardial surface. 

Notwithstanding the foregoing, and despite what specific mecharasms are ,n 
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particular involved, the compound preparation, systems, and methods herein 
disclosed are nevertheless clearly shown to provide the intended results in treating 
certain cardiac conditions consistent with the various objects and aspects of the 
invention. 

5 The results according to this study confirm that preparations and uses of fibrin 

glue according to the present invention provides a beneficial treatment for patients 
who suffer from ML The study shows use of an injectable internal support and/or 
tissue engineering scaffold to prevent deleterious ventricular remodeling and 
deterioration of cardiac function. As a support, fibrin glue may be modified to tailor 

10 its mechanical properties for this particular application, which modifications are 
contemplated within the scope of the invention. An increase in thrombin or 
fibrinogen concentration results in an increase in tensile strength and Young's 
modulus. An increase in fibrinogen concentration will also decrease the degradation 
rate of the biopolymer. As a tissue engineering scaffold, fibrin glue is also capable of 

15 delivering proteins and plasmids and further embodiments contemplated hereunder 
use such mechanism to deliver both growth factors, either in protein or plasmid form, 
and cells to the myocardium. 

According to the observations and results of the foregoing study, the present 
invention further contemplates use of fibrin glue agent, either alone or in combination 

20 with certain types of cells, as an injectable material for forming conduction block in 
cardiac tissue. 

In addition to the mechanisms of action elsewhere herein described, it is 
further contemplated that injectable materials such as fibrin glue according to the 
invention may provide conduction block results at least in part by physically 
25 separating cells in the region of injection. For further illustration, FIGS. 16A-B show 
transition between a cellular matrix in an initial gap junction condition (FIG. 16A), and 
in a post-treatment condition wherein the spacing between cells is physically 
separated between an initial distance d to a larger, separated distance D (FIG. 16B). 
These separations may be sufficient to raise the action potential to stimulate 
30 conduction between cells to such level that conduction is blocked or otherwise 
retarded sufficiently to halt arrhythmia. 

Notwithstanding certain theories and beliefs provided herein with respect to 
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the mechanisms by which certain embodiments perform, it is to be appreciated that 
the use of certain materials and procedures to the extent they produce certain 
intended results are contemplated under the invention despite the actual mechanism 
by which the results are accomplished. 
5 Various descriptions of materials provided herein may be in particular 

beneficial, such as for example various references to fibrin glue or related agent, or 
analogs or derivatives thereof. However, other suitable materials may be used in 
certain applications, either in combination or as substitutes for such particular 
materials mentioned. In one particular regard, where fibrin glue or related agents are 
10 herein described, it is further contemplated that collagen, or precursors or analogs or 
derivatives thereof, may also be used in such circumstances, in particular relation to 
forming conduction blocks or otherwise treating cardiac arrhythmias. Moreover, 
where collagen is thus included, precursor or analogs or derivatives thereof are 
further contemplated, such as for example structures that are metabolized or 
1 5 otherwise altered within the body to form collagen, or combination materials that 
react to form collagen, or material whose molecular structure varies insubstantially to 
that of collagen such that its activity is substantially similar thereto with respect to the 
intended uses contemplated herein (e.g. removing or altering non-functional groups 
with respect to such function). Such group of collagen and such precursors or 
20 analogs or derivatives thereof is herein referred to as a "collagen agent." Similarly, 
reference herein to other forms of "agents", such as for example "polymer agent" or 
"fibrin glue agent" may further include the actual final product, e.g. polymer or fibrin 
glue, respectively, or one or more respective precursor materials delivered together 
or in a coordinated manner to form the resulting material. 
25 Although the description above contains many details, these should not be 

construed as limiting the scope of the invention but as merely providing illustrations 
of some of the presently preferred embodiments of this invention. Therefore, it will 
be appreciated that the scope of the present invention fully encompasses other 
embodiments which may become obvious to those skilled in the art, and that the 
30 scope of the present invention is accordingly to be limited by nothing other than the 
appended claims, in which reference to an element in the singular is not intended to 
mean "one and only one" unless explicitly so stated, but rather "one or more." All 
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structural, chemical, and functional equivalents to the elements of the above- 
described preferred embodiment that are known to those of ordinary skill in the art 
are expressly incorporated herein by reference and are intended to be encompassed 
by the present claims. Moreover, it is not necessary for a device or method to 
address each and every problem sought to be solved by the present invention, for it 
to be encompassed by the present claims. Furthermore, no element, component, or 
method step in the present disclosure is intended to be dedicated to the public 
regardless of whether the element, component, or method step is explicitly recited in 
the claims. No claim element herein is to be construed under the provisions of 35 
U.S.C. 112, sixth paragraph, unless the element is expressly recited using the 
phrase "means for." 
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What is claimed is: 



1 . A system for forming a conduction block in a cardiac tissue structure in 
5 order to treat a cardiac arrhythmia in a heart of a patient, comprising: 
a cardiac delivery system; and 

a source of material coupled to the cardiac delivery system; 
wherein the delivery system is adapted to deliver a volume of the material 
from the source and into a region of tissue at a location associated with the cardiac 
10 arrhythmia and that includes cardiac cells; and 

wherein the material comprises fibroblast cells; and 
wherein the volume of fibroblast cells when delivered into the region of tissue 
at the location is adapted to form a conduction block at the location. 

! 5 2. The system of claim 1 , wherein: 

the cardiac delivery system is adapted to deliver the material to the location 
along a ventricle wall of a ventricle in the patient's heart. 



25 



30 



3. The system of claim 1 , wherein: 

the cardiac delivery system is adapted to deliver the material to the location 
along an atrial wall of an atrium in the patient's heart. 

4. The system of claim 1 , wherein: 

the cardiac delivery system is adapted to deliver the material to the location 
where a pulmonary vein extends from an atrium in the patient's heart. 

5. The system of claim 4, wherein the cardiac delivery system is adapted 
to deliver the material along a circumferential region of tissue at the location. 

6. The system of claim 5, wherein the cardiac delivery system comprises: 
a contact member that is adapted to engage the circumferential region of 

tissue. 
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7. The system of claim 6, wherein the contact member comprises a loop- 
shaped member. 

8. The system of claim 6, wherein the contact member comprises an 
5 expandable member. 

9. The system of claim 8, wherein the expandable member comprises an 
inflatable balloon. 

10 10. The system of claim 9, wherein the cardiac delivery system is adapted 

to deliver the material to the circumferential region of tissue when the circumferential 
region of tissue is engaged by the inflatable balloon. 

1 1 . The system of claim 6, wherein the cardiac delivery system further 
15 comprises: 

at least one needle cooperating with the contact member; 

wherein the cardiac delivery system is further adapted to fluidly couple the at 
least one needle to the source of material and to deliver the material to the location 
via the at least one needle. 

20 

12. The system of claim 1 , further comprising: 

a cardiac mapping system having a mapping electrode and that is adapted to 
map cardiac conduction so as to locate the location. 

25 1 3. The system of claim 1 2, wherein the mapping electrode is coupled to 

the cardiac delivery system. 

14. The system of claim 1 , further comprising an injector assembly that is 
adapted to inject the volume of material via the cardiac delivery system and into the 
30 location. 
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1 5. The system of claim 1 , wherein the cardiac delivery system comprises: 
a delivery catheter with an elongate body with a proximal end portion, a distal 

end portion, and a lumen extending between a proximal port along the proximal end 

portion and a distal port along the distal end portion; 

a transeptal delivery sheath having an elongate body wrth proximal end 

portion, a distal end portion, and a delivery passageway extending between a 

proximal port along the proximal end portion and a distal port along the distal end 

portion; 

wherein the transeptal delivery sheath is adapted to provide transeptal access 
into the left atrium of the heart via the delivery passageway; 

wherein the delivery catheter is adapted to be delivered through the delivery 
passageway transeptally into the left atrium to thereby deliver the volume of material 
to the location. 

16. The system of claim 15, wherein the delivery catheter is adapted to 
deliver the volume of material to a location along the left atrial wall of the left atrium. 

17. The system of claim 1 5, wherein the delivery catheter is adapted to 
deliver the volume of material to a location where a pulmonary vein extends from the 
left atrium. 

18. The system of claim 1 , wherein the cardiac delivery system comprises 
an intracardiac delivery system. 

19. The system of claim 1 , wherein the cardiac delivery system comprises 
an epicardial delivery system. 

20. The system of claim 1 , wherein the cardiac delivery system comprises 
a transvascular delivery system that is adapted to deliver the volume of material into 
the location through a vessel wall of a vessel associated with the cardiac tissue 
structure. 
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21 . The system of claim 1 , further comprising: 

a kit adapted to prepare autologous cells as the material in an injectable form 
for delivery with the cardiac delivery system to the location. 

22. The system of claim 1 , wherein: 

the cardiac delivery system is adapted to deliver the volume of material 
comprising fibroblast cells from the source and substantially along a patterned region 
of tissue at the location; and 

the material comprising fibroblast cells is adapted to form a conduction block 
along the patterned region of tissue at the location. 

23. The system of claim 22, wherein the cardiac delivery system 
comprises: 

a contact member that is adapted to substantially contact the patterned region 
of tissue; and 

wherein the cardiac delivery system is adapted to deliver the material 
comprising fibroblast cells substantially along the patterned region of tissue when the 
contact member is substantially contacted with the region of tissue. 

24. The system of claim 23, wherein the cardiac delivery system further 
comprises: 

a plurality of needles cooperating with the contact member; 

wherein the cardiac delivery system is further adapted to deliver the plurality 
of needles into and substantially along the patterned region of tissue and to inject the 
material substantially into and along the patterned region of tissue at the location via 
the needles. 

25. The system of claim 1 , wherein the cardiac delivery system is adapted 
to deliver the volume of material comprising fibroblast cells along an elongated 
pattern of tissue in the region of tissue at the location. 
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26 The system of claim 1 , wherein the cardiac delivery system is adapted 
to deliver the volume of material comprising fibroblast cells along a linear pattern of 
tissue in the region of tissue at the location. 

27 The system of claim 1 , wherein the cardiac delivery system is adapted 
to deliver the volume of material comprising fibroblast cells along a curvilinear pattern 
of tissue in the region at the location. 

28 The system of claim 1 , wherein the cardiac delivery system is adapted 
to deliver the volume of material comprising fibroblast cells substantially along a 
circumferential region of tissue at the location so as to form a substant,ally 
circumferential conduction block at the location. 

29. The system of claim 28, wherein the cardiac delivery system 

15 comprises: , 

a contact member that is adapted to engage the circumferential reg.on of 
tissue and to deliver the volume of material to the circumferential region of t.ssue 
when contacted by the contact member. 

20 30. The system of claim 29, wherein the contact member comprises a loop- 

shaped member. 

31 . The system of claim 29, wherein the contact member comprises an 
expandable member. 

32. The system of claim 31 , wherein the expandable member comprises an 
inflatable balloon. 

33 The system of claim 32, wherein the cardiac delivery system is adapted 
30 to deliver the material to the circumferential region of tissue when the circumferenual 
region of tissue is engaged by the inflatable balloon. 



25 
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34. The system of claim 1 , wherein the cardiac delivery system comprises 
at least one needle that is adapted to inject the material into the region of tissue at 
the location. 

35. The system of claim 1 , wherein the cardiac delivery system comprises: 
a catheter having an elongate body with a proximal end portion, a distal end 

portion, and at least one lumen extending between a proximal port located along the 
proximal end portion and a distal port located along the distal end portion; and 

wherein the proximal port is adapted to couple to a source that contains at 
least a part of the material. 

36. The system of claim 35, wherein the catheter further comprises: 
at least one mapping electrode located along the distal end portion; and 
wherein the at least one electrode is adapted to be coupled to a monitoring 

system to monitor electrical signals in cardiac tissue via the electrode so as to 
identify the location for delivery of the material to thereby form the conduction block. 

37. A method for treating a cardiac arrhythmia in a heart of a patient, 
comprising: 

delivering a material comprising fibroblast cells to a region of tissue at a 
location associated with the cardiac arrhythmia and that includes cardiac cells; and 

forming a conduction block at the location substantially with the material 
comprising fibroblast cells. 

38. The method of claim 37, wherein the material delivery to the region of 
tissue at the location further comprises: 

delivering the material comprising fibroblast cells to the region of tissue at the 
location along a ventricular wall of a ventricle of the patient's heart. 

39. The method of claim 37, wherein the material delivery to the region of 
tissue at the location further comprises: 

delivering the material comprising fibroblast cells to the region of tissue at the 
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location along an atrial wall of an atrium of the patient's heart. 

40. The method of claim 37, wherein the material delivery to the region of 
tissue at the location further comprises: 

5 delivering the material comprising fibroblast cells to the region of tissue at the 

location where a pulmonary vein extends from an atrium. 

41 . The method of claim 37, wherein the material delivery to the region of 
tissue at the location further comprises: 

10 delivering the material comprising fibroblast cells along a patterned region of 

tissue at the location. 

42. The method of claim 41 , wherein delivering the material along the 
patterned region of tissue comprises: 

15 delivering the material comprising fibroblast cells along an elongated region of 

tissue at the location. 

43. The method of claim 41 , wherein delivering the material along the 
patterned region of tissue comprises: 

20 delivering the material comprising fibroblast cells along a substantially 

circumferential region of tissue at the location. 

44. The method of claim 41 , further comprising: 

contacting the patterned region of tissue at the location with a contact 
25 member, and 

delivering the volume of material comprising fibroblast cells to the patterned 
region of tissue while substantially contacting the patterned region of tissue with the 
contact member. 



30 
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45. The method of claim 37, further comprising: 

anchoring a delivery device with an anchor at a position associated with the 
location; 

delivering the material comprising fibroblast cells to the region of tissue at the 
5 location while the anchor is anchored at the position. 

46. The method of claim 37, further comprising: 

delivering the material comprising fibroblast cells to the region of tissue at the 
location at least in part transeptally across the atrial septum with a transeptal delivery 
10 sheath. 

47. A method for treating a cardiac arrhythmia in a heart of a patient, 
comprising: 

delivering fibroblast cells to a region of tissue at a location that is either a focal 
15 origin of arrhythmia or along an arrhythmia conduction pathway. 

48. The method of claim 47, further comprising: 

delivering the fibroblast cells to the region of tissue at the location where a 
pulmonary vein extends from an atrium. 

20 

49. The method of claim 47, further comprising: 

delivering the fibroblast cells into and substantially along a patterned region of 
tissue at the location. 

25 50. The method of claim 49, further comprising: 

delivering the fibroblast cells into and substantially along the patterned region 
of tissue via a shaped portion of the delivery member having a shape substantially 
corresponding to the patterned region of tissue. 

30 51 . A method for assembling a cardiac arrhythmia treatment system from a 

plurality of cardiac delivery systems, wherein each cardiac delivery system is 
adapted to deliver a volume of injectable material either along a unique pattern of 
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cardiac tissue, or at a unique iocation associated with the heart of a patient, the 

method comprising: ...... , 

choosing a cardiac delivery system from the plurality of card.ac dehvery 
systems based upon at least one known patterned region of tissue and location 
5 where a conduction block is to be formed; 

coupling a volume of injectable material comprising fibroblast cells to the 

cardiac delivery system; 

wfierain the chosen cardiac delivery system is adapted to deliver the volume 
of injectable material into and along the patterned region of tissue at the locafion; 
10 wherein the injectable material comprising fibroblast cells is adapted to be 

injected by the cardiac delivery system into and along the patterned region of trssue 

at the location; and ^^ fnrma 
wherein the injectable material comprising fibroblast cells ,s adapted to form a 
conduction block when deliver Into and along the patterned region of tissue at the 
15 location. 

52. A system for treating a cardiac arrhythmia in a heart of a patient, 

comprising: , 
a cardiac delivery system with a contact member and also wrth a plurality of 

20 needles cooperating with the contact member; 

a source of material comprising fibroblast cells that is adapted to be coupled 

to the cardiac delivery system; 

wherein the contact member is adapted to be delivered to a looaton 
associated with the armytbmia and to substantially contact a patterned region of 
25 tissue at the location that includes cardiac cells; 

wherein the plurality of needles are adapted to be inserted into and 
substantially along the patterned region of tissue when the contact member • 
contacted with the patterned region of tissue; 

wherein the cardiac delivery system is adapted to be coupled to the source of 
30 materia, comprising fibroblast calls and to d*er a volume of the materia! coming 
fibroblast cells tan the source into and substantially along the patterned regron of 
tissue via the plurality of needles; and 
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wherein the material comprising fibroblast cells is adapted to form a 
conduction block along the patterned region of tissue at the location. 
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